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Introduction:

The genus Stachys L. contains 365 species and is one of
the largest genera of the Lamiaceae family [1]. In Greece,
approximately 56 species and subspecies of Stachys are
found on parts of the mainland and/or insular Greece [2].
In continuation to our research in the genus Stachys, we
studied Stachys parolinii Vis., native in North Peloponnese,
Central Greece, and lonian Islands (Kefalonia and Lefkada).
Several Stachys plants have been mentioned in various have
been mentioned in various traditional medicines to treat
diseases such as inflammations, skin and stomach disorder
[3,4]. This study focused on the phytochemical analysis of
the S. parolinii methanol extract and the formulation of an
oil-in-water microemulsion for cutaneous use to improve the
low aqueous solubility of the extract for achieving optimal
cutaneous administration and bioavailability.

Methodology:

The dried aerial parts of S. parolinii (Fig. 1) were extracted
with solvents of increasing polarity: dichloromethane
and methanol by maceration at room temperature.
The chemical fingerprint of the methanol extract was
obtained through HPLC-PDA-MS (Fig. 2) and NMR analysis
(Fig. 3). The dried methanol extract was subjected to
Vacuum Liquid Chromatography over silica gel to yield
9 fractions. The fractions were further fractionated by
column chromatography and preparative TLC. The isolated
compounds were identified by one-dimensional and
two-dimensional NMR spectra. The microemulsion was
prepared using Solutol HS 15 (surfactant), Transcutol P
(co-surfactant), and Capryol 90 (oil), selected for the high
solubility of the extract. According to previous studies, we
fixed the surfactant/co-solvent ratio at 1:1, 2:1, and 3:1,

and we constructed the corresponding pseudo-ternary
phase diagrams by the titration method to investigate the
microemulsion existence regions. The extract solubility in
the final microemulsion was evaluated for those with the
lowest polydispersity index (around 0.15) by the flask shake
method for three hours.

Figure 1: Stachys parolinii Vis.
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Figure 2: HPLC-PDA-MS chromatogram of the methanol extract.
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Figure 4: Morphological Analysis: TEM
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Results

Overall, 14 compounds were isolated. Isoscutellarein-7-0-[6"-
0-acetyl]-p-D-allopyranosyl-(1-2)-B-D-glucopyranoside  and
4’-methyl-hypolaetin-7-0-[6"-0-acetyl]-allopyranosyl-(1-2)-
glucopyranoside were the main constituents, as shown in
the HPLG-PDA-MS chromatogram (Fig. 2) and the 1H-NMR
spectrum (Fig. 3) of the methanol extract. The microemulsion
was prepared using Solutol HS 15 (surfactant, 11 %w/w),
Transcutol P (co-surfactant, 3.6 %w/w) and Capryol 90 (oil,
1.7 %w/w), selected for the high solubility of the extract,
and water (82.8 %w/w). The extract solubility in the selected
microemulsion was 34.33+4.246 mg/mL. Dynamic Light
Scattering analysis showed microemulsion droplets with
a small average diameter (Size of 23.53+2.206) and high
dimensional homogeneity (Pdl of 0.1675+0.0004171).
Transmission Electron Microscope gave further information on
the spherical shape of the droplets (Fig. 4). The formulation
was physically and chemically stable for 1 month at 25°C. A
preliminary assay showed a slow release of the main extract
component over time.
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Introduction

Betulinic acid (BA) belongs to pentacydlic triterpenes and is
widely distributed in plants. It has plenty of biological and
pharmacological actions, such as antiviral, antitumor, anti-
inflammatory, antibacterial, antidiabetic and many others [1].
In previous study we have reported that BA isolated from the
leaves of Rosmarinus officinalis L. (syn. Salvia rosmarinus
Spenn.), was able to antagonize in vitro the action of the
well known pollutant TCDD on AhR by 82.96% in a dose-
dependent manner. The discovery of natural agents that
act as competitors of AhR seems of great importance as
they could be used to prevent or treat established dioxin
toxicity [2]. The scope of the current study was to validate
and compare different extraction methods and parameters
(extraction solvents, drug/solvent ratio etc.) towards the
optimization of different betulinic acid extraction of R.
officinalis.

Plant Material

Leaves of R. officinalis L. were collected in 2019 from J. &
A.N. Diomedes Botanic Garden, National and Kapodistrian
University of Athens, in the morning during the flowering
period of the plants in July and were dried at room
temperature.

Isolation of BA by Rosemary officinalis

BA has been isolated and identificated by our team from the
dry leaves of R. officinalis using chromatographic and NMR
methods [2].

Extraction procedure

Dried leaves of R. officinalis were ground in an ultra-
centrifugal mill ZM 200 (Retsch, Haan, Germany) using
0.5 mm hole size sieve. Each experiment was repeated in
triplicate.

Aqueous extracts: The drug: solvent ratio was 2: 150 w/v

« Infusions and decoctions: Were made with maceration: 2,
5,10 and 15 min

« Turbulent flow extraction: The process of extract
preparation was the same as the classic maceration
method, with the difference that the drug-water system
was placed in a mixer and followed by vortexing for 2 min.
We performed two experiments (1) at room temperature
and (2) with boiled water.

Tinctures: We performed two different experiments:

1) drug: solvent ratio 1:10 w/v in 2 different alcoholic
degrees, (a) 450 and (b) 700

2) drug: solvent ratio 1:20 w/v with an alcoholic degree of
20°, that is similar to liqueurs and wine.

Oleolites:

Maceration:

« in room temperature: the drug: olive oil ratio was 5: 100
w/w (5 g of drug in 100 g of oil)

« In heating («Digestion): two experiments were performed
with drug: olive oil ratio, 5:100 and 10:100, keeping the
other conditions of the experiment constant.

Qualitative and quantitative 1H-gNMR analysis of the
extracts

Aqueous extract (infusion, decoctions, turbulent-extraction)
The aqueous extract was placed into a separatory funnel
with an equal volume of CH2(I2 and the organic phase was
collected and concentrated in vacuo (40°C) followed by 1D
1H-NMR (CDCI3).

Tinctures
(1) In case of tinctures of 450 and 700: 10 mL of the tincture
was concentrated to dryness in vacuo (Rotavapor V-200
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and Bichi heating bath B-490). The dry residue was
subjected to 1D 1H-NMR spectroscopy (CDCI3).

(2) In_case of tinctures of 200: 20 mL of the tincture was
placed in a separatory funnel together with an equal
volume of CH2CI2. After shaking and allow to stand
for 20 minutes, the organic phase was collected and
concentrated to dryness followed by 1D 1H-gNMR
spectroscopy (CDCI3).

Oleolites

We used the method described before by Karkoula et al. (2012)
for the analysis of olive ail's polyphenols: 5 g of oleolite was placed
in a 50 mL plastic container and 20 mL CHx was added. The
container was closed and the whole was shaken vigorously for 1
min. 25 mL of acetonitrile (ACN) was then added to the container
resulting in phase separation (polar with ACN and non-polar with
CHx and olive ail). The final system was placed in the centrifuge at
4000 rad for 5 min. 25 mL of ACN solution was concentrated and
subjected to 1D 1H-gNMR spectroscopy (CDCI3).

Quantification of BA

For the quantitative analysis three independent samples were
prepared by weighing of each dry extract, adding 700 pL of
chloroform-d, and transferring the mixture to 5 mm NMR
tubes. NMR measurements were recorded on a Bruker DRX
500 MHz instrument. For the quantification of BA was taken
into account the broad single peak (brs) (H-29a) (LOD=0.04,
L0Q=0.01, y=0.624+0.001, R? = 0.9998)

Results

Aqueous extracts

The results of agueous extracts are presented in Table 1 and
in Figure 1.

Table 1. Turbulent flow extraction in room temperature (TR) and
under heating (TH). Results in mg +SD/ g dry leaves

Extract 2 min 5 min 10 min 15 min
Infusions nd nd tr tr
Decoctions nd 0.1140.2  0.13+0.03 0.14+0.04
TC nd nm nm nm
TH 0.11+0.02 nm nm nm

tr: trace, nd: not detected, nm: not measured
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Figure 1.
Comparison of infusions (!), decoctions and
turbulent flow extractions (T) of R. officinalis
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The results are presented in Table 2.

Table 2.
Tinctures of R. officinalis (mg £ SD in 100 mL of tincture)
A. 10: 100 w/v, B. 10: 100 w/v, . 5: 100 w/v,
70% EtOH 45% EtOH 20% EtOH
17.22+1.31 1.69+0.23 nd
Oleolites

The results are presented in Tables 3, 4 and in Figure 2.

Table 3.
Oleolites of R. officinalis (mg £SD in 100 g of oleolite)
A. 5: 100 w/w, B. 10: 100 w/w, . 5: 100 w/w,
65°C, 6 h 65°C, 6 h 21 days, room To
4.13+0.32 6.8+0.48 2.13+0.32
Table 4
Stabhility of BA in oleolite during storage
(mg +SD in 100 g of oleolite)
0 months 2 months
2.13+0.32 2.08+0.41

Figure 2.
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Betulinic acid

Conclusions

Regarding aqueous extracts, decoctions appeared the richer
sources of BA, then turbulent flow extraction under heating
and finally infusions. The optimum drug-solvent ratio for
the preparation of tinctures was 1:10 w/v in 70% EtOH. For
the oleolites the maceration of the drug in 1:10 ratio with
extra virgin olive oil by heating in 60 oC for 6 h was the most
efficient procedure. Olive oil as a solvent was very protective
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for BA during the storage of the oleolite. Moreover, the
established 1H-gNMR spectroscopy method offers a fast,
simple, reliable and accurate method for the quantitative and
qualitative analysis of BA, in complex extracts in a direct way
with high precision and without sample deterioration.
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Introduction

Onychomycosis is a denomination used to describe fungal in-
fection of one or more of the nail units and can be caused by
dermatophytes, yeasts or non dermatophyte molds. The term
onychomycosis is derived from the Greek word «onyx», a nail
and «mykes» a fungus. Onychomycosis affects approximately
5% of the population worldwide. Toenails are about 25 times
more likely than fingernails to be infected. Candida nail infec
tions are caused by Candida albicans in 70%. The remainder
cases are due to C. parapsilosis, C. tropicalis, C. krusel. Current
treatment agents for onychomycosis include both systemic and
topical medications. Oral therapy has the potential for adverse
effects, most notably hepatotoxicity. Topical therapies have
cure rates lower than those obtained with systemic treatments.
Onychomycosis never resolves spontaneously and recurrence
after treatment is very common [1, 2]. Fungal melanonychia
due to Candida albicans is rare and only few cases have been
reported in the literature. Melanonychia refers to brown to black
pigmentation of the nail unit. We report herein a case of fungal
melanonychia due to Candida albicans successfully treated topi-
cally by a herbal formulation [3].

Case report

The present case concerns a Caucasian Greek woman, 40 years
old, with onychomycosis on the left big toenail. The patient had
the first signs of onychomycosis in 2018, but she went to a pri-
vate dermatologist after 2 years when the situation got worse,
namely diffuse melanonychia with intensive dystrophy and hyper-
keratosis. At that time a fungal culture from nail clippings showed
growth of Candida species and she has been treated with terbi-
nafine 250 mg twice a day, per os, and with local application of
amorolfine 5% w/v nail lacquer every second night. Both drugs
had been used for 6 months. The treatment was ineffective.

8

Later, in the same year, the patient came to S. Prodromid-
15, MD Dermatologist, presenting the same clinical picture,
that was diffuse, complete black pigmentation, dystrophy
and hyperkeratosis of the left big toenail without paronychia
or onycholysis (Figure 1.A). The nails of the other toes were
unaffected. The patient was otherwise in good health with-
out taking any medication. Routine blood tests were normal.
There was no past history of trauma or nail abnormalities.
Nail scrapings from the surface of the pigmented nail were
collected with a scalpel. Direct examination of nail scrapings
with potassium hydroxide showed round yeast cells in the
specimen. The samples were cultured and showed growth of
Candida albicans.

The patient refused to continue with other convention-
al-synthetic medication because she was unsatisfied and was
worried about overuse of orally administrating drugs. Hence
she asked about other therapeutic approaches like herbal
medicine that she considered effective and safe. For this rea-
son a liquid herbal formulation was prescribed, containing a
mixture of selected extracts of Rosmarinus officinalis L., Cin-
namomum zeylanicum Blume, Origanum vulgare L., Thymus
vulgaris L. and Syzygium aromaticum L., [4], to use topically,
twice a day. After a few months an improvement on dlinical
picture was observed and one year later the maximum result
was achieved that was a complete absence of clinical sings.
Indeed, no more melanonychia, nail dystrophy and hyperker-
atosis were observed as shown in the Figure 1.B. Mycological
examination at that moment demonstrated an absence of C.
albicans. However, we must be aware of the fact that in many
cases the recurrence of C. albicans infection even after a neg-
ative culture can be observed. So, the patient continued the
therapy for other 1 month. After 1.5 years from the start the
clinical picture was still clear (Figure 1.C). No adverse effects
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were observed during the treatment except a reversible yel-
lowish coloration of the nail. The patient was very satisfied
with the treatment outcome.

We notice that despite the long period of product use no
resistance to remedy was developed. No concurrent thera-
pies have been used

Discussion

A herbal product might provide an effective and safe alter-
native or addition to the current options for treating onycho-
mycosis caused by C. albicans. The advantages are no or less
side effects, topical application, natural synthesis, easy to
use it, more desired and acceptable by the patients. Notably
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the development of resistance during therapy with a herbal
remedy is very difficult, due to the large number of substanc
es which are pharmacologically active. The combination of
herbal medications with the conventional per os antifungal
therapy in repletion of other drugs of topical application, and
the use of a herbal product in cases which appear a matter of
resistance to the conventional therapy, will be of interesting
in future studies.

Conclusions

We cannot make a solid conclusion from a case report. Fur-
ther studies are needed with more patients to get an reliable
evaluation on the therapeutic potential of the herbal product

EAatOAUTO Yo
VUXOPUKN a0

e pharmacewtial eveion

Figure 1. Onychomycosis of the left great toenail caused by Candida albicans.
A. Initially, at the time of patient presentation, were observed a markedly dystrophy and hyperkeratosis with diffuse melanonychia due to the

presence of Candida albicans

B. After 1 year of treatment were achieved a complete absence of melanonychia, nail dystrophy and hyperkeratosis. The culture of nail sample

was negative.
C. The same clear clinical picture was after 1.5 years
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in onychomycosis due to C. albicans (or to other Candida spe-
cies) and to dermatophytes and non dermatophyte molds.
However, the described herbal remedy in this study might
provide an effective and safe alternative as monotherapy or
as addition to the current options for treating onychomycosis
caused by C. albicans, without problems of resistance devel-
opment or side effects.
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Introduction Results
Traditional medicinal resources, especially plants, have been

found to play a major role in managing skin disorders. In spite

of the great advances achieved in modern medicine during

the past decades, plants still make an important contribution

to health care and people are turning to natural remedies

more and more. The Balkan region has a great diversity of

medicinal flora and people living in this area have traditionally

used these ethno-medicines for many skin problems.
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Combining ethnobotanical surveys and scientific studies is 0
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a good strategy for new herbal medicines to be discovered and @*& & & &_&@@ O%Q}Qé
exploited. In this study, a total of six plant species from the RO LN & &
\2\4

Balkan area were selected based on their ethnopharmacological

properties and existing scientific evidence in the literature was

sought for. Further, the in vivo and in vitro activities of their

methanol and water-methanol (1:1) extracts were studied in our  Figure 1: DPPH inhibition (%) at 200ug/ml concentration of
laboratory. extracts.

Methods

Bibliographical search was conducted using the databases

Pubmed, Google Scholar, Science direct and Scopus. In 100 1
vitro antioxidant activity evaluation included assays of
scavenging the free radical DPPH as well as iron-chelation
(ferrozine assay) at a concentration of 200 pg/mL. Also, the
total phenolic (TPC) and total flavonoid content (TFC) were
evaluated using the Folin-Ciocalteau and the aluminium
chloride colorimetric methods, respectively.

Inhibition of skin enzymes was evaluated in vitro;
specifically, anti-tyrosinase and anti-collagenase activities
were tested at a concentration of 300 pg/mL and 100 pg/
mL, respectively. In vivo anti-inflammatory activity of
the plant extracts was studied via a carrageenan-induced Figure 2: Iron chelation of extracts; % free Fe(ll
edema protocol in female C57BL/6 mice (at an i.p dose of remaining after incubation with 200 pg/ml. concentration
3mg/100g BW).

100%

% free Fe(ll)
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Table 1: Medicinal plants from the Balkan region with therapeutic

potential.
Plant name Family Activities>3**
Lamiaceae
Teucrium « Antimicrobial
chamaedrys « Antioxidant
L. Urticaria-Body
(Herba) ltch
Plumbago « Antimicrobial
europaea L. .
(Roots) + Antioxidant
Origanum « Antioxidant
dictamnus Antiagi
L - Antiaging

(Aerial .parts) « Antimicrobial

(Cistaceae
Cisgus « Antimicrobial
cretlct{s . Anti-
et L inflammatory -
(Aerial parts) Cytotoxic

« Antimicrobial

Hypericaceae -
ypericac « Antioxidant

el-rlr‘l,;:trrlicfl;?;u + Wound healing
empetrifoliu | - Anti-Elastase,
mWilld. Anti-Tyrosinase,
(Aerial parts) Anti-Collagenase
« Anti-
Inflammatory

« Antimicrobial

Anacardiaceae . Antioxidant

Cotinus « Wound healing
coggysria « Anti-Elastase,
Scop. Anti-Tyrosinase,
(Herba) Anti-Collagenase
« Anti-
inflammatory
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Traditional use!

Wound healing,
Eczema,
Edema,

Anti-inflammatory,

Wound healing,
Skin disorders,
Eczema, Edema,
Anti-inflammatory,
Antimicrobial,
Urticaria-Body
Itch, Moles-Skin
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Figure 3: Tyrosinase inhibition (%) at 300 pg/ml concentration of
extracts.
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Figure 4: Collagenase inhibition (%) at 100 pg/ml of extracts.
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Figure 5: TFC (mg QUE/g extract) and TPC (mg GAE/g extract)
content of the plant extracts.
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Figure 6: In vivo anti-inflammatory activity of the medicinal plants
studied; % edema and its reduction (n=6).

Conclusions
« The highest antioxidant activity was found in the extracts
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of Cistus Creticus, Cotinus coggygria and Hypericum
empetrifoilum.

« The highest enzyme inhibition was found in the extracts of
Cistus creticus and Cotinus coggygria.

« The highest TPC was found in Cotinus coggygria and TFCin
Origanum dictamnus.

» The highest anti-inflammatory activity was found in Cotinus
coggygria and Plumbago europaea extracts.
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Eioaywyn

Ta €idn tou yevous Lidnpitn (Toa tou Pouvou), Sideritis
scardica Griseb., S. clandestina (Bory & Chaub.) Hayek,
S. raeseri Boiss. & Heldr. ka1 S. syriaca L. €ival emonpws
avayvwpiopeva and tov Eupwnaikd Opyaviopd Oapudkwy
(EMA) ws napadoolakd @dappaka yia tn Bepancia
€évavul Tou KOIVOU KPUOAOYNHATOS Kal TwV NNV
yaotpeviepikwv datapaxwv:. Afider va onpeiwbei ou
T0 TOGI TOU Bouvou amoteAsi KUPIO CUOTATIKO Kal otTnv
napadoaiakn EAAnvikn Megoyeiakn diatpo@n.

Ikonos pelétns

MpoonaBwvras va avadeioupe T peydAn onpaoia Twv QUTwV pe
EUEPVETIKES 1010TNTES Kal UYPNANS €BVOQApPPCKOAOYIKNS onpacias,
peAetnaale Hiapopa €idn tad tou Bouvol s EAAGHas.

AnoteAéopata & Zudntnon

« Sideritis euboea Heldr.: Mecow [iokateuBuvopevns
Npoogyyions npaygatononBnke o npoodiopiopds Twv
deutepoyevwv petafoNitwv Tou kar n diepelivnon NS
in vitro kuttapo&kns dpdons tou, kabBws kar n mbavn
avaotaAtikn 6pdon evavtl tou evUpou uahoupoviddaons (in
vitro & in silico peAétes)>*

« Sideritis sipylea Boiss.: MeAetnBnkav ta NoAIKa ouoTatikd
Kal o1 BioAoyikés Opdoels Tou peBavolikoU ekxUANopATos Kal
ToU napadooiakoU €yxUpATtos Tou S. sipylea and tn Zayo.
NigpeuvnBnke N avTIOZEIOWTIKN KAl N AVTI-XOAIVEGTEPAOTKN
dpdon. H Bpenuikn a&la Tou @uToU avagepBnke yia NPWN
@Oopd, aNOKGAUMTOVIOS pia MOAAd  umooxopevn  mnyn
npwreivns?

« Sideritis syriaca L. subsp. syriaca (Malotnpa):
MeAetnBnke 1o xnpikd npo@i Tou dnoAou ekxuliopatos
ka1 Tou aiBépiou eAaiou Tou ex situ NOAAANAQCIaopEVOU Kat
KaAAIEPYOUEVOU (UTIKOU UAIKOU®.

Lupnepdaopata
01 napandvw PeAETES avadeikvUouy TNV napoucia Slapopwv
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B106paCcTIKWV OUGTATIKWV KA1 TIS GNHAVTIKES PUPHAKO-
Aoyikés Hpdaeis Twv €16wv tou yévous Lidnpitn, kabBws
enions anodeikviouv 0Tl N KAAMEPYEID TWV OUYKEKPINE-
VWV QUTIWV €ival €QIKTA NAPEXOVIAS PUTIKA NPOIOVIa pE
NAOUGI0 (UTOXNUIKO NPOWIA Kal (UPLAKOAOYIKES 1010TNTES.
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Introduction

Pharmacologic treatments for migraine encompass a variety
of classes, including nonsteroidal anti-inflammatory drugs
(e.g., ibuprofen, aspirin), triptans (e.g., almotriptan, elet-
riptan), ergot alkaloids, opioids, ditans (e.g., lasmiditan),
gepants (e.g., ubrogepant, rimegepant), and more recent-
ly, monoclonal antibodies (e.g., erenumab, fremanezumab,
galcanezumab, eptinezumab). The pharmacokinetics of all
these compounds play a pivotal role in the development of
appropriate dosing regimens, aiming to maximize efficacy
while minimizing toxicity. This study focuses on investigating
the pharmacokinetic behavior of monoclonal antibodies and

Ibuprofen

Healthy subjects

400mg BID 400mg TID

A

! 70mg once a month

400mg OD

Concentration
Concentration

Time (h)

Renal impairment

20% loss 50% loss 80% loss

Concentration

%
ccm—
= —
Concentration

NN

| 70mg once a month

Time (h)

Erenumab

One administration for one month

Time (days)

Repeated administration for 3 months

Time (days)

other drugs in the context of migraine treatment. Simula-
tions were performed to determine the most suitable dosing
regimen.

Methodology

A literature search was conducted to gather the essential
pharmacokinetic information required for the simulations.
This encompassed acquiring the structural pharmacokinet-
ic model, parameter estimates, between-subject and with-
in-subject variabilities, the residual error model, and covar-
iates (e.g., age, weight, gender) influencing drug kinetics.
Simulations were carried out for representative compounds

Rimegepant

Single administration

75mg single dose

L

Time (h)

Repeated administration
75mg repeated daily 150mg repeated daily

L

Time (h)

| 150mg single dose

Concentration

N

|
/140mg once a month

Concentration

A

140mg once a month

Figure 1. Concentration - time profiles after multiple administration of three medicines used for the treatment of migraines: a) ibuprofen,
b) erenumab, c) rimegepant. Computational methodologies were utilized to simulate the different dosage regimens.
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from each category, specifically ibuprofen, rimegepant, and
erenumab. In each scenario, Monte (Carlo simulations were
employed to generate data for 10,000 simulated patients.
The entire computational analysis was executed using
Simulx® (Monolix 2021R1®)

Results

Concentration-time plots describing the pharmacokinet-
ic behavior of ibuprofen, rimegepant, and eranumab were
constructed, showing the average performance and the 90%
confidence intervals around the mean (Figure 1). The models
used were validated by comparing the simulation results with
literature results. Several dosage regimens and conditions
were simulated referring single administration, repeated
administration, and renal impairment. For ibuprofen multi-
ple dosing 1n healthy subjects does not lead to toxic levels,
however, as age increases the derived plasma levels also rise
due to the accompanying renal impairment. In the case of
rimegepant, the once daily regimen does not lead to accu-
mulation, even after repeated administration. A different be-
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havior can be observed for eranumab where accumulation
is obvious after multiple dosing and steady state levels are
reached the fourth month of administration.

Discussion

In this study, we utilized population pharmacokinetic models
to simulate dosage regimens. This enabled us to explore var-
1ous dosing scenarios and assess their potential therapeutic
outcomes. The simulated dosage regimens facilitated the
prediction and optimization of medication administration in
a virtual environment, with the latter being selected as the
most suitable for use in clinical practice.

Conclusions

The application of modeling and simulation approaches
stands as a valuable tool in the design of optimal dosage
regimens. By using sophisticated computational models,
researchers and clinicians can gain a comprehensive under-
standing of how medications interact within the dynamics of
the human body.
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A Clinical Study of Allergic Contact Dermatitis in Polysensitized and Monosensitized Patients:

Machine Learning and Classic Methods
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Introduction

The sensitization process is a result of the interplay between
genetic and environmental factors [1,2]. Sensitized patients
to one hapten have been shown to be at high risk of de-
veloping multiple contact allergies [1-3]. This study aims to
investigate the sensitization patterns in order to understand
the association among allergic contact dermatitis (ACD) - re-
lated factors, patient characteristics, polysensitization, and
individual susceptibility.

Methodology

Patch test data from 400 patients (200 polysensitized and
200 monosensitized patients) were collected at the Labo-
ratory for Patch Testing, «Andreas Syggros» Hospital in

(A)

Dimension 2

20 02 04 06

Dimension 1

Athens, Greece. The detection of sensitization comprised at
least one positive reaction to thimerosal 0.1% and patients
were divided into two groups: patients with thimerosal con-
tact allergies and patients with concomitant thimerosal and
other contact allergies; information was also collected for an
extended MOAHLFA (Male Occupational Atopic Hand Leg Face
Age) index [4].

To assess the relationship between patient character-
istics and ACD-related parameters, the chi-square test for
independence was utilized. To uncover the underlying re-
lationships in the data, multiple correspondence analysis
(MCA), which is a machine learning approach, was applied
[5]. The entire statistical analysis was implemented in IBM
SPSS v.26.

(8)

o4

Dimension 2

Dimension 1

Figure 1. Multiple correspondence analysis of the patients’ characteristics (A) and anatomical regions (B) of allergic contact dermatitis. The
analysis was performed for the following patients’ features: patient group (polysensitized and monosensitized patients), atopic dermatitis (AD),
family atopic dermatitis (AD) history, occupation class (health workers, hairdressers, cleaners, bakers, cooks, builders, engineers, householders,
office workers, nail technicians, make-up artists, technicians, metal workers), age group (<40, >40), gender. Also, for the anatomic region of
dermatitis: face dermatitis (FD), hand dermatitis (HD), leg dermatitis (LD), and trunk dermatitis (TD).
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Figure 2. Multiple correspondence analysis of the anatomical regions of allergic contact dermatitis in relation to each patient characteristics.
The analysis was performed for: A) gender, B) age group (<40, >40), C) occupation class (health workers, hairdressers, cleaners, bakers, cooks,
builders, engineers, householders, office workers, nail technicians, make-up artists, technicians, metal workers), D) atopic dermatitis (AD), E)
family atopic dermatitis (AD) history, and F) patient group. In all cases, the anatomic sites referred to hand dermatitis (HD), face dermatitis (FD),
leg dermatitis (LD), and trunk dermatitis (TD).

Results

A total of 400 medical records were examined. The av-
erage age was 34.5 years, with equal contributions from
both sexes. Half of the patients (were polysensitized, while

18

the remaining were monosensitized. Office employees
accounted for 160 (40.0%) of all occupations, followed
by technicians/metal workers (64.0%), health workers
(45.2%), cleaners/householders (31.7%), nail technicians
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and make-up artists (30.5%), bakers/cooks (29.3%), en- Chi-square analysis revealed statistically significant rela-

gineers/builders (29.3%), and hairdressers (12.0%). 162 tionships between hand dermatitis and patient group (p-val-
(40.5%) of the patients had a positive personal history of ue = 0.005). In particular, the percentage of monosensitized
atopic dermatitis, whereas 98 (24.5%) had a positive fami-  patients was higher than the percentage of polysensitized
ly history. According to the MOAHLFA index, hand dermati-  patients (monosensitization > polysensitization). None of the
tis was the most prevalent type of dermatitis in 285 cases groups, however, were shown to be associated with the oth-
(71.3%), with facial dermatitis coming in second with 136  er dermatitis kinds (FD/Face Dermatitis, LD/Leg Dermatitis,
cases (34.0%), trunk dermatitis coming in third with 96  TD/Trunk Dermatitis, and AD/Atopic Dermatitis). Also, both
cases (24.4%), and leg dermatitis coming in fourth with 85  polysensitized (p-value = 0.003) and monosensitized (p- val-
cases (21.3%). ue = 0.000) individuals had significant relationships between

Polysensitized Monosensitized

(a) " (8)

-

Owmernson 2
Cimension 2
“}
sasUAPRILYD Suaned

< (o)

Crrrensiom 2
A
Dwmnenson 2
|
s Nwoeuy

Ot=ermaicn 1 Dwmension 1

Figure 3. Separate multiple correspondence analysis for the polysensitized (A, C) and monosensitized (B, D) patients. Key: AD, atopic dermatitis
history, occupation class (health workers, hairdressers, cleaners, bakers, cooks, builders, engineers, householders, office workers, nail techni-
cians, make-up artists, technicians, metal workers), age group (40, >40); gender; HD, hand dermatitis; LD, leg dermatitis; FD, face dermatitis;
TD, trunk dermatitis.
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hand dermatitis and occupation class. Only in the monosen-
sitized patients’ group were significant relationships between
hand dermatitis and gender revealed (p-value = 0.025), with
males outnumbering females (number of males > number of
females).

MCA analysis revealed interesting relationships among
several patients’ characteristics. Indeed, occupation showed
a strong association with gender and age, while AD was re-
lated to familial AD history (Figure 1A). Interestingly, patient
groups were found not to be related to occupation, age, or
gender, while the total patient cohort was associated with
AD and family AD history (Fig. 1A).

Additional relationships were found among the anatom-
ical regions of ACD. Specifically, HD was shown to be most
associated with FD, then with LD, and less with TD (Fig. 1B).

In terms of anatomical regions, gender was most strongly
linked with FD and HD, then LD, and finally TD (Fig. 2A). Age,
on the other hand, was significantly related to TD, followed
by LD, but not to HD or FD (Fig. 2B). Occupation was most
closely associated with HD and FD, then LD, and less corre-
lated with TD (Fig. 2C). Furthermore, both AD and family
AD history were most strongly associated with TD, followed
by LD, HD, and less so with FD (Fig. 2D, Fig. 2E). Additional
correlations were found between patient groups and the an-
atomical regions of ACD in the following descending order:
HD > TD > FD > LD (Fig. 2F).

In the group of polysensitized patients, similar positive cor-
relations, as in the total patient cohort, were identified for the
following variables: Occupation manifested a positive correlation
with gender and age, as well as AD with family AD history (Fig.
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3A). In the group of monosensitized patients, occupation also
manifested a positive correlation with gender and age, as well as
AD with family AD history. On the contrary, AD and family AD his-
tory were found to be independent of age and gender (Fig. 3B).

In the group of polysensitized patients, HD, in contrast to the
total patient cohort (Fig. 1B), was found to be most correlated to
LD, then to FD and TD (Fig. 3C). In the group of monosensitized
patients, HD, as in the total patient cohort, was found to be most
correlated to FD. On the contrary, LD was found to be most corre-
lated with TD and independent of HD and FD (Fig. 3D).

Conclusions

Hand dermatitis was associated with patient group, occupa-
tion, and gender (only in monosensitized patients). Demo-
graphics, MOAHLFA index, and allergy category were linked
by MCA. Application of machine learning can reveal demo-
graphic-clinical relationships.
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Introduction tors, the exposure to preservatives is frequent, since they are
Occupational dermatoses have a major socioeconomic bur-  extensively added in products for occupational use [3]. The
den [1]. Occupational-related allergic contact dermatitis purpose of this analysis was two-fold: a) to identify the link-
(ACD) is common in healthcare workers, cleaning service, age among hypersensitivity to preservatives, occupational
beauty industry and industry workers[1,2]. Among risk fac-  profiles, patients’ clinical and demographic characteristics,

Allergen Group

0.6 0.6

0.5 Allergen Group 0.5
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Dimension 1 Dimension 1
Variables

Allergen Group
Gender

Occupation Class
Atopic Dermatitis
Family Atopy History
Age Group
Clinical Characterigtics 0.140

Variables Dimension 1
Allergen Group

Occupation Class
Atopic Dermatitis 0.021 0.021
Age group 0.165 0.401

Figure 1. Multiple correspondence analysis of the patients’ characteristics in the total patient cohort (N=800) (A) and its simplified version (B). The analysis was
performed for the following patients' features: allergen group (Formaldehyde 2%, KATHON 0.02%, Thimerosal 0.1%, MDBGN 0.5%), gender, occupation class
(dleaning service, healthcare workers, industry workers, beauty industry), atopic dermatitis, family atopy history (positive, negative), age group (<42, >42)
and clinical characteristics (erythema, edema, papules, coalescing vesicles, weeping, cracked skin, itching, scaling). Each table below the graph describes the
component loads with a sequential color scale that goes from bright to dark blue. That indicates the correlation between the categorical variables and each of
the two dimensions, whose value is expressed by the coordinates at the end of each vector line. The cosine of the angle between two vector lines represents the
association between the corresponding variables. If two vector lines are close together, it suggests that the categories they represent are similar or positively
associated. Conversely, if they are far apart, it indicates dissimilarity or a negative association. A 90° angle indicates that the variables are not related.
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Figure 2. Multiple correspondence analysis in the total patient cohort (N=800) of the allergic contact dermatitis by anatomical regions (A) and
the allergic reaction severity (B). The analysis was performed for the following patients’ features: allergen group (Formaldehyde 2%, KATHON
0.02%, Thimerosal 0.1%, MDBGN 0.5%), anatomical regions (hand dermatitis, leg dermatitis, trunk dermatitis, head dermatitis, neck dermati-
tis), and the ICDRG evaluation (negative reaction, weak positive reaction (+), strong positive reaction (++), and extreme positive reaction (+++)).
Each table below the graph describes the component loads with a sequential color scale that goes from bright to dark blue. That indicates the
correlation between the categorical variables and each of the two dimensions, whose value is expressed by the coordinates at the end of each
vector line. The cosine of the angle between two vector lines represents the association between the corresponding variables. If two vector lines
are close together, it suggests that the categories they represent are similar or positively associated. Conversely, if they are far apart, it indicates
dissimilarity or a negative association. A 90° angle indicates that the variables are not related.

and b) to compare the four allergen groups: Formaldehyde
2%, KATHON 0.02%, Thimerosal 0.1%, and methyldibro-
mo-glutaronitrile (MDBGN) 0.5%.

Methodology

A number of 800 ACD patients’ patch test results from «An-
dreas Syggros» Hospital in Athens, Greece, were collected.
The selected monosensitized patients were divided into four
groups of contact allergens: Formaldehyde 2%, KATHON
0.02%, thimerosal 0.1%, and MDBGN 0.5%; information was
also collected for an extended MOAHLFA (Male- Occupation-
al-AtopicHand-Leg-Face-Age) index [4]. To investigate the
relationship between the allergen group and occupation-
al-related ACD characteristics, the multiple correspondence
analysis (MCA) and the categorical principal components
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analysis (CATPCA) were applied, which are machine learning
approaches [5]. The entire statistical analysis was imple-
mented in IBM SPSS v.28.

Results

MCA analysis revealed interesting relationships among
several patients characteristics. Strong associations were
found among allergen group - age group, atopic dermatitis
- family atopy history, and occupation class - gender- clinical
characteristics (Fig. 1A). The first dimension was mainly
explained by atopic dermatitis (0.463) and family atopy
history (0.460), followed by occupation class (0.358). In the
second dimension, the variable with the greatest contribution
was the allergen group (0.481). Overall, the model explains
68.831% of the total variability (first dimension: 35.679%,
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Figure 3. Categorical principal components analysis of the patients’
characteristics in the total patient cohort (N=800). The analysis was
performed for the following patients’ features: allergen group (For-
maldehyde 2%, KATHON 0.02%, Thimerosal 0.1%, MDBGN 0.5%), oc-
cupation class (cleaning service, healthcare workers, industry work-
ers, beauty industry) and clinical characteristics (erythema, edema,
papules, coalescing vesicles, weeping, cracked skin, itching, scaling).
The cosine of the angle between two vector lines represents the cor-
relation coefficient between the categorical variables. An angle close
to zero indicates a high correlation between the variables, while a
180° angle indicates an inverse relationship. A 90° angle indicates
that the variables are not related. The proximity between points
(centroids) represents the association between the categories of the
variables.

second dimension: 33.152%). In the model simplified version
(Fig. 1B), atopic dermatitis was found be positively related to
occupation class, age group, and allergen group. In this case,
the first dimension was principally explained by occupation
class (0.707), followed by gender (0.524), while the second
dimension, as previous, by the allergen group (0.590).
Overall, the model explains 72.346% of the total variability
(first dimension: 37.192%, second dimension: 35.154%).
Additional correlations were found between allergen
groups and the affected body sites attributed to
occupational-related ACD in the following descending
order: hand > head > trunk > neck > leg (Fig. 2A). Strong
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Figure 4. Categorical principal components analysis of the allergic
contact dermatitis by anatomical regions in the total patient cohort
(N=800). The analysis was performed for the following patients’ fea-
tures: allergen group (Formaldehyde 2%, KATHON 0.02%, Thimerosal
0.1%, MDBGN 0.5%) and anatomical regions (hand dermatitis, leg
dermatitis, trunk dermatitis, head dermatitis, neck dermatitis). The
cosine of the angle between two vector lines represents the correla-
tion coefficient between the categorical variables. An angle close to
zero indicates a high correlation between the variables, while a 180°
angle indicates an inverse relationship. A 90° angle indicates that the
variables are not related. The proximity between points (centroids)
represents the association between the categories of the variables.

associations were found among hand - head, trunk -
neck - leg, while leg was found to be independent of
head dermatitis. Overall, the model explains 62.423% of
the total variability (first dimension: 35.905%, second
dimension: 26.518%). In terms of ICDRG clinical evaluation,
the allergen group was most strongly linked with ICDRG 48h
and then with ICDRG 72h (Fig. 2B). The first dimension was
explained by allergen group (0.827), followed by ICDRG 72h
(0.804) and ICDRG 48h (0.751), while the second dimension
principally by ICDRG 72h (0.687). Overall, the model explains
87.163% of the total variahility (first dimension: 59.399%,
second dimension: 27.764%).

Joint representations of CATPCA revealed interesting cor-
relations among patients’ characteristics. In the first CATP-
CA model (Fig. 3), strong associations were found between
allergen group - occupation class and allergen group - dlinical
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Figure 5. Categorical principal components analysis of allergic re-
action severity in the total patient cohort (N=800). The clinical eval-
uation was based on the International Contact Dermatitis Research
Group (ICDRG) criteria at 48h and 72h. The analysis was performed
for the following patients’ features: allergen group (Formaldehyde
2%, KATHON 0.029%, Thimerosal 0.1%, MDBGN 0.5%) and ICDRG eval-
uation (negative reaction, weak positive reaction (+), strong positive
reaction (++), and extreme positive reaction (+++). The cosine of the
angle between two vector lines represents the correlation coefficient
between the categorical variables. An angle close to zero indicates a
high correlation between the variables, while a 180° angle indicates
an inverse relationship. A 90° angle indicates that the variables are
not related. The proximity between points (centroids) represents the
association between the categories of the variables.

characteristics. Conversely, occupation class and clinical
characteristics were not found to be strongly related. Indus-
try and beauty industry workers were found to follow similar
sensitization patterns and be primarily sensitized to formal-
dehyde 2%, followed by KATHON 0.02%, thimerosal 0.1%,
and MDBGN 0.5%. Cleaning service and healthcare workers
were found to be reversely sensitized to formaldehyde 2%,
thimerosal 0.1%, and MDBGN 0.5%, with a stronger linkage
to formaldehyde 2% and MDBGN 0.5%, respectively. Moreo-
ver, intense erythema/coalescing vesicles/weeping were ob-
served mainly in KATHON patients, erythema/cracked skin/
itching in formaldehyde patients, as well as erythema/ede-
ma/papules in thimerosal and MDBGN patients. This model
explains 78.120% of the total variability (first dimension:
41.827%, second dimension: 36.293%).
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Additional correlations were found between allergen
group and the anatomical regions in the following descend-
ing order: hand >head >leg >neck >trunk (Fig. 4). Strong
associations were found among hand - head, and trunk -
neck - leg, while leg was found to be independent of head
dermatitis. Thimerosal and formaldehyde patients seemed
to develop occupational-related ACD primarily in hand, fol-
lowed by head, leg, neck, and trunk, while MDBGN patients
in hand, followed by head, neck and leg. Only in KATHON
patients the most frequent affected body site is head, fol-
lowed by hand. This model explains 71.852% of the total
variability (first dimension: 39.782%, second dimension:
32.070%).

Regarding ICDRG clinical evaluation, allergen group was
found to be positively correlated with ICDRG 72h, but not
related to ICDRG 48h (Fig. 5). Scores of ICDRG 72h clinical
evaluation, following a pattern of increasing allergic reac
tion severity, found to be significantly higher in patients
monosensitized to KATHON 0.02% and formaldehyde 2%
than thimerosal 0.1% and MDBGN 0.5%. This model explains
89.393% of the total variability (first dimension: 52.259%,
second dimension: 37.134%).

Conclusions

Significant relationships were identified between the allergen
group and various manifestations of dermatitis. The utiliza-
tion of machine learning techniques facilitated the discern-
ment of meaningful patterns in the data.
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Introduction

Prolonged infusion antibiotics involve administering anti-
biotics over an extended period, typically several hours, in
contrast to traditional bolus dosing [1,2]. The latter method
allows for the maintenance of more consistent drug levels in
the blood and sustained therapeutic concentrations of an-
tibiotics. The need for prolonged infusion of certain drugs,
including antibiotics like meropenem, 1s based on pharma-
cokinetic and pharmacodynamic considerations. Prolonged
infusion can optimize the therapeutic effects of the med-
ication in certain difficult clinical situations. The objective
of this study was to investigate prolonged infusion dosage
regimens for two commonly used antibiotics in critically ill
patients: meropenem and tobramycin.

Methodology

The population pharmacokinetic models, along with the
parameter estimates and significant covariates such as
creatinine clearance for meropenem and tobramycin, were
obtained from literature-validated models [3,4]. In the sim-
ulation studies, various levels of variabilities and covariate
values, such as renal deficiency, were explored. Simulations
were performed in Simulx® (Monolix 2023R1TM, Simulation
Plus). The conditions of prolonged infusion were simulated
and compared with the official recommendations quoted in
the summary of product characteristics for each drug. For
meropenem, this refers to a 5-minute infusion, while for to-
bramycin, the infusion time is set at 1 hour. The simulated
prolonged infusion profiles for meropenem were set at 30
minutes and 3 hours, while for tobramycin, an infusion reg-
imen of 3 hours was considered. For meropenem, the ad-
ministered dosage regimens explored were 500 mg TID and
1000 mg TID. In the case of tobramycin, the dosage scheme
was 80 mg TID. Two patient populations were generated; the
first refers to patients with normal renal function (mean GFR

100 ml/min, with standard deviation of 12.5 ml/min, assum-
ing normal distribution). The patient renal function was tak-
en from a critically ill pool of patients [5].

Results

For meropenem, the patient population exhibited a volume
of distribution of 54.95 L, with clearance initiating at 3.27 L/
hour, including a positive contribution from glomerular filtra-
tion rate. Accurate dosing regimens for meropenem were de-
termined which were found suitable for patients with moder-
ate to severe renal impairment. To characterize the kinetics
of tobramycin, an one-compartment model was used with
a linear relationship between drug clearance and creatinine
clearance (with a proportionality constant of 0.059 mL/min),
and a linear relationship between the volume of distribution
and body weight. The volume of distribution and clearance
estimates were 30 L and 80 ml/min, respectively.

Figure 1 illustrates the administration of meropenem
(500 mg 1x3) under the conventional administration scheme
(5 min infusion) and the two prolonged infusion scenarios
(30 minand 3 h)

5 min_infusion 30 min_infusion 3 h_infusion

AW

Time (h)

Concentration (mg/mL)

Time (h) Time (h)

Figure 1. Meropenem levels under the three simulated scenarios of IV
infusion (500 mg TID): 5 min, 30 min, 3 h.
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Similar simulations were performed for the meropenem
administration of 1000 mg TID, in patients with normal renal
function (Figure 2).
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Figure 2. Meropenem levels, in patients with normal renal function,
under the three simulated scenarios of IV infusion (1000 mg TID): 5
min, 30 min, 3 h.

The conditions of renally impaired, critically ill patients in an
ICU are depicted in Figure 3. The administration schedule
assumed a dosage of 1000 mg TID.
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Figure 3. Meropenem levels, in critically ill patients, under the three
simulated scenarios of IV infusion (1000 mg TID): 5 min, 30 min, 3 h.

Figure 4 illustrates the difference in the plasma levels,
between conventional and prolonged infusion of tobramycin.
The latter involves an administration schedule of 80 mg TID
for critically ill patients, either through a 1-hour or 3-hour
infusion. The administration schedule for tobramycin refers
to 80 mg TID.
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Concentration (mg/mL)

Time (h)

Figure 4. Tobramycin levels, in critically ill patients: 1h infusion (left
panel), 3 hinfusion (right panel).

Conclusions

The administration of both drugs, meropenem and tobramy-
cin, through continuous infusion has been shown to signifi-
cantly increase the likelihood of achieving the pharmacokinet-
ic target compared to the standard administration schedule.
Prolonged infusion of certain medications, like antibiotics, offers
advantages such as optimized pharmacokinetics, enhanced anti-
bacterial activity (especially for time-dependent killing antibiotics),
reduced development of bacterial resistance, improved tissue pen-
etration, potentially lower toxicity, and better patient tolerance.
The decision to use prolonged infusion depends on factors like the
specific medication, infection type, and patient characteristics.
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Introduction

The aim of this study is to describe the pharmacokinetics
of valproic acid (VA), lamotrigine (LTG), and levetiracetam
(LEV) in a pediatric population through the application of
non-linear mixed effects modeling (PopPK). In addition, ma-
chine learning algorithms (ML) were employed to uncover
potential relationships between the plasma concentrations
of the three drugs and patient characteristics. Furthermore,
the ML algorithms were utilized to construct a predictive
model for the occurrence of seizures.

Methods

The study comprised 71 pediatric patients of both sexes,
aged 2-18 years, undergoing combined antiepileptic treat-
ment with one of the following combinations: VA/LTG, VA/
LEV, and LTG/LEV. Separate PopPK models were developed
for VA, LTG, and LEV. Three ML approaches were applied
based on estimated pharmacokinetic parameters and patient
characteristics: mainstream component analysis, mixed data
analysis, and random forest analysis.

Results

The results from PopPK modeling have shown that the phar-
macokinetics of Lev, LTG and VA are best described by an
one-compartment model with first-order absorption and elim-

ination. According to PopPK analysis and analysis by ML meth-
ods, children's weight appeared to be negatively related to LTG,
LEV and VA levels. Co - administration of LTG and VA has shown
to lead to an increase in LTG levels, while the increase in the
daily dose of VA was found to increase the purification of the
drug. The predictive performance and robustness of the model
were confirmed by the relevant predicted versus observed con-
centration plot (Figure 1) and the individual model predictions
overlaid with the observations (Figure 2).

As for the predictive model of seizures, it appeared to
have high prediction capacity and 1t has been observed that
the appearance of crises contributes more to the levels of
antiepileptic drugs followed by age and body weight.

Conclusions

The application of population pharmacokinetics and machine
learning models represents crucial tools for enhancing phar-
macotherapy in pediatric epilepsy.

References

« Lebedev G, Fartushnyi E, Fartushnyi |, et al. Technology of Supporting
Medical Decision Making Using Evidence-Based Medicine and Artificial
Intelligence. Procedia Comput Sci 2020; 176: 1703-1712.

« Oliva CF, Gangi G, Marino S, et al. Single and in combination
antiepileptic drug therapy in children with epilepsy: how to use it.
AIMS Medical Science 2021; 8: 138-146

27



io
Mavefnfirnvio

Mappakeutikd
2 UveEBpio

Population PK analysis
1. V/F=25.01%exp(BW/26.7)* exp(ny)
2. CI/F=1.51%exp(0.75%(BW/ 26.7)*exp(ne.)

BIBAIO MEPIAHWEQN

H MoAudidotatn Eniothpn tns ®apuakeutikns
EOvIKS 16pupa Epsuvav - ABhva
16-17 Aekepppiou 2023

A. LEVETIRACETAM

Pop PK and Principal component analysis (PCA)
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Figure 1. Individual predicted versus observed Figure 2. Individual fittings to the experimental concentration-time data of the three drugs:
concentration data for the models of the three (A) levetiracetam, (B) lamotrigine, and (C) valproic acid. Due to space limitations, three
drugs: (A) levetiracetam, (B) lamotrigine, and random subjects were chosen for each drug.

(C) valproic acid.
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Figure 3. PCA of the plasma levels of the three antiepileptic drugs,
age, and BW. (A) Biplot of the two PC showing the individual scores
and the loadings (blue lines) of the pharmacokinetic parameters.
(B) Loading values for the two initial PCs. Lev_Conc, levetiracetam
concentration; LTG_Conc, lamotrigine concentration; PC, principal
components; PCA, principal component analysis; VA_Conc, valproic
acid concentration.
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Random forest analysis (RF)
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Figure 4. Variable importance scores (A) and confusion matrix (B),
from the RF analysis, predicting the existence or not of epileptic
activity. The features parameters were levetiracetam concentration
(Lev_Conc), valproic acid concentration (VA_Conc), lamotrigine
concentration (LTG_Conc), gender (1.0 for boys, 2.0 or girls), and BW.
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MPOZAIOPIXMOL TOY MEFEOOYZ TON ZQOMATIAION TON APAXTIKQON OYZION XTHN KPEMA
TRAVOCORT® ME TH XPHXH ®AXMATOZKOMIAL MICRO-RAMAN

MixanA Aukoupas!, MaABiva ‘Opkoula?, Xpiotos Kovtoyidvvns-2*
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2Tunpa ®apuakeutikns, Mavemotipio Matpwy, lldtpa, EAMdOa

*YneuBuvos Zuyypagéas: Xpiotos Kovtoyidvvns, +30 2610 962328, kontoyan@upatras.gr

H kpépa Travocort® nepiéxel tis dpaoctikés ouaies Nitpikn loo-
kovadoAn kar Bahepikn AipBopiokoptoAdvn o€ OUYKEVIPWOEIS
1% w/w ka1 0.1% w/w, avtiotoixa kai xpnoigonoleital Tomkd
Y10 TNV QVTIHETWMON eKCEPATIKWY Kal PAEYHOVWOWY nadn-
ogwv Tou Oépuatos [1]. AnoteAel éva yoddktwpa o/w, oto
onoio ka1 o1 dUo dpaoTikes ouaies eival dieonappéves evios
otayovidiwv nou oxnuatidovtal otnv eAaiwdn @don. O npoo-
d10p1016S TOU pEYEBOUS TWV CWHATIOIWY TwV dPACTIKWY OU-
01wV Katd TV avantugn Twv kpepwy eivar peiovos onpaaias,
kaBws o1 diapopes ato pPeyeBOs Tous eivar mBavov va ennpe-
doouv 1o puBud anoppdenans kai th dianepatdtnta Tous ano
10 O¢ppa. Onoiadnnote PETABOAN QUTWV TwWV NAPAHETPWY
UNOPET va EM@EPET ONUAVTIKES AAAYES OTNV ANOTEAEOATI-
KOTNTA Kal 0TV a0@AAela Twv Kpepwv [2]. Na t petpnon
TOU peyEBOUS TWV OWHATIOIWY TWV SPACTIKWV 0UCIWV EXOUV
avantuxBei O1aQopes TEXVIKES, ONWS N ONTIKA PIKPOoKonia
owtevou nediou (Bright-Field Optical Microscopy), n onu-
KN pikpookonia noAwpéevou @wtos (Polarized Light Optical
Microscopy), n buvapikn okédaon @wtoés (Dynamic Light
Scattering) ka1 n okebaon deopns laser (Laser Diffraction)
[3, 4]. NMapoAa autd, eivar mBavd va npokUWoUV NOAAES Npo-
KANOEIS KaTtd TNV avixveuon Twv owpatidiwy twv 6pacTIKwY
OUCIWV OF KPELES JE TN XPANON TWV TEXVIKWY AUTWV.

Ltoxos

2TOX0S TNS PEAETNS ANOTEAEDE N avantuén KatdAANANS pebo-
doloyias yia tn didakpion peta&l Twv owpaudinv Twv dpa-
oTIKWV ouaiwv Nitpikns lookovadoAns kal BaAepikns AipBo-
PIOKOPTOAOVNS OTN (PAPHAKEUTIKN Kpépa Travocort® kar o
NpPoadIopIopOs TNS KATAVOUNS TOU PHeyEBOUS Twv owpatidiwy
KdBe dpaaTikns ouaias Eexwp1oTd.

MeBoboAoyia
Mo T petpnon tou peyeBous Twv owpatdiwy Twv 6pacTIKwY
0UCIWV NPaypatonoiNBnke e@dniwaon WIKPNS NoooTNTAS Twv
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(POPHAKEUTIKWV KPEPWV NAVw OF aVTIKEILEVOPOPO MAdKQ,
xwpis tn xphon kaAuntpidas. XpnoiponoinBnke apxikd ontiko
Likpookono (Leica DM 2500M) e€onAiopiévo pie Bivieokdpepa
(Leica DFC420 C) ka1 £y1ve Xpnon avuKEILEVIKOU @akoU 40Xx.
01 pwroypapies An@dnkav pe Aeitoupyia dianepatotntas,
€V N evaAdayn and tn Aeitoupyia gwtevou nediou oe no-
AWPEVOU PwTOS fonBnoe 0T PEAETN TwV HPACTIKWY OUCIWV.
o tov npoodiopiopd Tou peyeBous Twv owpatidiwy
KdBe dpaotikns ouaias Eexwpiotd, xpnaolponoinBnke n @a-
opatookonia micro-Raman (LabRam HR Evolution, Horiba
Scientific). EmAéxBnke avtikeievikds @akos 50, evw epap-
HOOTNKE LIKpookonia noAwpévou @wtds. Na tn Anyn twv
@aopdtwv Raman emAéxBnke nnyn aktivoPoAias laser 532
nm pe ovopaotikn 10xU 100 mW, n €vtaon tou onofou pub-
piotnke 0to 25% NS 10XU0S Kal T0 OMTIKO @pdaypa ota 600
gratings/mm (500 nm). Ta @dopata kataypa@nkav otnv ne-
pioxn 1500-1700 cm™, pe xpdvo ékBeons ta 10 s, evw ntav
10 anoteAeopa 1 enavaAnyns. s undoTpwHa XpNoIonoIN-
Bnke emxpuowpévo nAakioio uynAns avakAaotikdtntas.

AnoteAéopata km Xudatnon
H avixveuon twv owpatidiwv twv OpacTIKWY 0UCIWY OF
Kpépa Travocort® dev katéotn @IKTA PeE TNV aNAN ONTIKN
Hikpookonia @wtelvou nediou, kaBws napatnpouviav Povo
eAaiwdn otayovidia (Eikéva 1A). Or 6paotikés ouaies ntav
EYKAWPIOPEVES EVTOS TwV eAaiwdwV otayovidiwv kar n na-
PATAPNON TWV KPUOTAAWY TwV owpaTidiwy Tous npaypato-
noINBNKe pe TNV EQApROYN oNTIKNS HIKPOOKOMias NOAWEVOU
@wtds (Eikdva 1B). Mapdia autd, n xpnon tns onTIKAS PIKPO-
okonias dev ntav oe Beon va diakpiver peta&l Twv owpatdi-
WV TwV 6U0 OPACTIKWY OUGIWV.

la 0 Adyo autd xpnalponomnBnke n @acpatookonia
micro-Raman, péow s onofas o1 dUo OPACTIKES ouaies
pnopovoav va diakpiBolv and ta @dopata Raman tous.
Mo OUYKEKPIPEVA, O1 XAPAKTNPIOTIKES KOPUPES TNs NITPIKNS
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Eikova 2. (A) ®dopata Raman twv 6Uo 6pactikwv ouaiwv kai placebo, (B) pwtoypa@ia twv owpatidiwv Pe ontikn PIKPookonia NnoAwUEVoU
(WTOS K4l TAUTONOINON TOUS WE (@acpatookonia micro-Raman (pnAe owpatioia: Nitpikn lookovaddAn, Kokkiva owpatibia: BaAepikn
M@BopiokoptoAdvn, npdoiva cwpatidia: placebo/Bopufos), () 10tdypappa katavopns peyéBous owpatidiwv Nitpikns lookovaloAns kai
(A) 10t6ypappa katavopns peyéBous cwpatidiwv Balepikns AipBopiokopToAdvns
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lookovaddAns (1585 cm™) ka1 tns BaAepikns AipBopiokop-
T0AOVNS (1666 cm™) Giagoponololviav enapkws HETAgU
ToUs, evw To Placebo 6 61€Bete xapakTnpIoTIKA KopuEPNn
0TN oUYKeKpPIPEVN @aopatikn nepioxn (Eikdva 2A). Akoou-
Bnoe n avayvwpion, pe th Xpnon Hikpookonias NoAwpEvou
PWT0S, 864 owpatidiwy ot éva oUvoro nediwv TS KPEQAS
Travocort®, twv onoiwv ta @dopata Raman kataypdenkav
ka1 avayvwpiotnkav ws Nitpikn lookovaloAn (pnAe owpa-
tidia), BaAepikn AipBopiokoptoddvn (kOkKIVa owpatidia) n
ws Placebo/B0pupos (npdoiva owpatidia) (Eikdva 2B).

2T OUVEXEID e TN Xpnon Tou AoyiopikoU ParticleFinder®
(Horiba Scientific) [5] unoAayiotnke to peyeBos Twv owpatidiwv
kaBe dpaaTikns ouaias nou avayvwpiotnkav kai npoadiopiotnkav
01 KATAVOLES peyeBous owpaTidiwv Twv dUo SpaoTIKWY OUCIWY
(BEiova 2" kar Eikova 2A). Bidikdtepa, To p€oo peyeBos Twv ow-
paubicwv s dpaotikns ouaias Nitpikns lookovaloAns BpéBnke ioo
pe 4.3 pm pe Tunmkn andkAion 2.6 pm, D10 = 1.5 um, D50 = 3.6
pm, D90 = 8.4 um kai péyioto peyebos ioo pe 13.1 pm, evw na-
popoia peyéBn npoadiopiotnkav kai yia ta owpatidia s Bakep-
kns AipBop1okoptoAdvNS (LiEao peyeBos 4.2 pm, TUMIKn andkAion
2.6 um, D10 = 1.8 pm, D50 = 3.6 pm, D90 = 8.6 pm Kkai Péyioto
peyeBos 9.6 pm) (Mivakas 1).

Lupnepdopata

0 ouvbuaopds s onTIkNS HIKPOOKOMIas MOAWUEVOU Q-
105, TNS (Paopatookonias micro-Raman kar Tou Aoyiopikou
ParticleFinder™ odnynoe otnv avantuén katdAAnAns pebobo-
Aoyias y1a Tov TauToxpovo NpoodiopIoHO TwV KATAVOUWY TWV
HeYEBWV TWV owpaTidiwy dUo dPACTIKWY OUTIWV OE PApUa-
KEUTIKES KPELIES.
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Mivakas 1. Mpoadiopiopds katavopwy peyéBous cwpatdiwv Nitpikns
lookovadAns kar BaAepikns AipBopiokoptoAdvns o€ kpépa Travocort®
Ue (paopatookonia micro-Raman kar 1o Aoyiopiko ParticleFinder™

Nitpikn BaAepikn
lookovaloAn  AipBopiokoptoAdvn
Mo Topomion 35 s
Méoo MéyeBos (pm) 4.3 4.2
Tumkn AndkAion (pm) 2.6 2.6
Méyioto MéyeBos (pm) 13.1 9.6
D10 (pm) 1.5 1.8
D50 (pm) 36 36
D90 (pum) 8.4 86
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Development of novel plga nanospheres co-loaded with paclitaxel and losartan for the

treatment of highly desmoplastic tumors
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Introduction

The nanomedicines in order to be effective in the case of sol-
id tumors must be capable of penetrating the tumors, how-
ever, this 1s limited by the heterogeneous, hypovascular, and
desmoplastic tumor microenvironment of many types of sol-
id cancers. This structure significantly reduces the fraction of
nanomedicines that reaches cancerous cells and represents
a major reason for the failure of nanomedicines to improve
therapeutic outcomes compared to conventional chemo-
therapy as well as for the low clinical translation rate of na-
nomedicines. For desmoplastic cancer tumors, anti-stromal
strategies have been proposed aiming to enhance the pen-
etration of medicines to the tumor parenchyma [1]. In this
context, the long-term aim of this work is the synthesis and
evaluation of a biomimetic and bioresponsive nanomedicine,
integrating an anticancer agent (e.g., paclitaxel, PCT) and an
agent that will reduce extracellular matrix and the associat-
ed physical barriers that normally hinder drug delivery (e.g.,
losartan LOS), for a more effective treatment of pancreat-
ic cancer. Losartan, an antihypertensive agent that blocks
angiotensin Il receptor type 1, has shown promise for TME
remodeling [2] and 1s currently under clinical investigation
in combination with established chemotherapies for PDAC
treatment [3]. In this communication, the results from for-
mulation studies on nanospheres (NS) made of poly(lactide)
(PLA) and poly(lactide-co-glycolide) (85:15) (PLGA) loaded
with PCT and LOS are presented.

Methodology

The NS were prepared through an emulsification and solvent
evaporation process [4] and were characterized with regard
to their morphology and size with transmission electron mi-
croscopy (TEM), their hydrodynamic diameter and ¢-potential

with dynamic light scattering (DLS) and their drug loading
properties with HPLC. The colloidal stability of the NS was
evaluated in the presence of electrolyte (NaCl) and in biore-
levant media (cell culture media and human blood plasma).
Drug release properties were determined in phosphate buffer
pH 7.4, 37°C.

Size Distribution by Intensity

Intensity (%)
B

0.1 1 10 100 1000 10000

Record 21: 10mg PLGA (1,5mg Pix & 1mg Los) 1
Record 23: 10mg PLGA (1,5mg Pix & 1mg Los) 3

Record 22: 10mg PLGA (1,5mg Ptx & 1mg Los) 2|

Zeta Potential (mV)

4 17: 10mg PLGA (Pbx & Los) 1

Figure 1. Hydrodynamic diameter and C-potential of PLGA-PCT-LOS
nanospheres.

Results

The hydrodynamic diameter and -potential of PLGA-PCT NS
were determined to be 119 + 1.5 nm and -42.8 mV, respec
tively. Following LOS entrapment, the hydrodynamic diame-
ter and C-potential of PLGA-PCT-LOS NS became 156.9 + 3.4
nm and -20.2 mV, respectively (Figure 1). PLA-PCT NS ex-
hibited a hydrodynamic diameter and a ¢-potential of 107.3
+ 1.5 nm and -35.8 mV, respectively, whereas PLA-PCT-LOS
NS exhibited a hydrodynamic diameter and a C-potential of
147.2 £ 2.1 nm and -19.8 mV, respectively. PCT and LOS en-
trapment in the NS initially increased but then decreased
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Figure 2. Entrapment efficiency (EE%) of LOS and PCT in the
nanospheres as a function of drug feed.
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Figure 3. PCT release from PLGA nanospheres as a function of PCT
loading.
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Figure 4. LOS release from PLGA nanospheres as a function of PCT
loading.
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Figure 5. Hydrodynamic diameter of PLGA and PLA nanospheres
change with increasing NaCl concentrations.
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with an increase in drug feed (initial amount of drug added
in the preparation), reaching a maximum at 3 mg/mL and
1 mg/mL feed, respectively (Figure 2). The amount of PCT
loaded in the NS did not affect the efficiency of LOS entrap-
ment in the NS. PCT release from the NS was sustained, with
the rate of release decreasing as the PCT loading increased
(Figure 3). Biphasic PCT release kinetics were observed with
an initial phase of a relatively fast release, lasting up to 48
hours, followed by a second phase of very slow release (Fig-
ure 3). LOS release from the NS was very low, with less than
10% release at 48 hours (Figure 4), with the rate of release
increasing as the PCT loading increased (Figure 4). The NS
exhibited satisfactory stability in the presence of physiolog-
ical concentrations of electrolyte (NaCl) but tended to ag-
gregate at high electrolyte concentrations (Figure 5), and
a similar behavior was observed in biorelevant media (cells
culture media and blood plasma), indicating the need for
protective surface functionalization of the nanospheres.

Conclusion

The obtained results indicate that the synthesized NS have
suitable in vitro properties for the intended application.
Functionalization of the NS with membranes from pancreatic
cancer cells is in progress.
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Data mining in the design and development of liposomal anticancer drugs
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Introduction

Liposomes hold a pivotal role in nanomedicine, because of the
presence of two different compartments; the aqueous and
the lipidic, which allow for the trapping of both hydrophilic
and hydrophobic molecules. This structure gives liposomes
the advantage of improved pharmacokinetic qualities of the
medicine they are encapsulating, decreased systemic toxici-
ty, longer circulation durations, and targeted drug delivery in
tumor areas. Meanwhile in the digital era, machine learning
(ML) algorithms have played a critical role in improving pre-
dictions of biological, physical, chemical, and toxicological
impacts, by uncovering patterns within datasets.

Objective

This study aims to identify relationships and correlations
among the physicochemical parameters of the liposomes,
with a particular focus on size, zeta potential, polydispersity
index (PDI), and encapsulation efficiency (EE). By collecting
quantitative and qualitative data from PubMed between
2022 and 2023, analyzing them, and finally, extracting val-
uable information, this study seeks to uncover relationships
and correlations among these parameters.

Methodology

» The articles were collected from PubMed using the keywords:
liposomes and cancer. The initial number of papers was 603,
but after the exclusion criteria [e.g. not about an active
pharmaceutical ingredient (API)] the number was finalized
to 130, with 313 formulations. The data from the papers
were categorized into qualitative (i.e. Liposome preparation
technique) and quantitative [i.e. Mean Size (nm)].

« Python was chosen as the programming language for data
analysis. Among the libraries that were implemented were:
pandas, numpy, seaborn and sklearn, for data manipula-
tion, numerical computations, data visualizations and ML
algorithm implementation, respectively.

« The data files were transformed into python dataframes
and data cleaning was followed. Each column was exam-
ined separately for their missing or NaN values. For the
quantitative data, the NaN values were replaced with the
mean of the column, after using descriptive statistics to
examine the data. Then, a univariate and a bivariate anal-
ysis was conducted, as well as a correlation analysis and a
hypothesis testing. Both qualitative and quantitative data
were explored for hidden patterns using visualizations.
The three ML techniques that were employed next were:
the k-means clustering method, the agglomerative hier-
archical clustering method, and the Principal Component
Analysis (PCA) technique. For the first two, the results were
evaluated with the silhouette score, while for the PCA the
reconstruction error was computed.

Results

+ K-means clustering exhibited a higher evaluation score
than the agglomerative clustering. The clustering suggests
that the larger the mean size, the higher the PDI will be.

« Also, the EE decreases as the mean size increases (p-val-
ue<0.01). On the other hand, the EE appears to be rather
high with mean sizes around 500-600 nm.

« The mean PDI, out of the four parameters of the quantita-
tive data, shows a weaker correlation with the other three,
according to the PCA.

« The biplot (Figure 1) also indicates a positive association
between the EE and the zeta potential.

« Research is focused on breast cancer, with doxorubicin be-
ing the primary active substance, followed by docetaxel.

« The thin-film hydration process is the most often utilized
method for producing liposome formulations and the etha-
nol injection method is second.

« In certain studies, the ethanol injection method outper-
formed the thin film hydration method in terms of EE
(breast cancer, liver cancer, colorectal cancer, brain cancer,
lung cancer, cervical cancer) (Figure 2).
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Figure 2. Type of Cancer - Mean EE plot, color coded by the liposome
preparation technique.

Conclusion

« This research represents a step toward a time when lipos-
ome-based medicines will be essential in the fight against
cancer.

« With this information in hand, the formulation scientists
can design and develop a liposomal nanomedicine with the
desired physicochemical characteristics and added value to
the therapeutic outcome.
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Figure 1. Principal component analysis biplot for the liposomes
features.

« Given the findings and the significance of research in can-
cer therapy, studies should concentrate more on the phys-
icochemical properties of liposomes.

« Considering the large number of APIs studied, it may be
inferred that improving how the liposomes reach their goal
with the encapsulated API is less important than focusing
on a substance real therapeutic effects.
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Introduction

Nasal administration has been demonstrated as an effec
tive alternative for drug delivery to central nervous system
(CNS). Donepezil Hydrochloride (DH) is a widely used ace-
tylcholinesterase inhibitor for the management of Alzheim-
er's disease, able to cross the blood brain barrier after oral

internal lumen
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0 0.1 0.2 0.3 0.4 0.5cm 0 004 03 0.12 0.16 0.2cm

Figure 1. A) Lateral, B) upper top view of the cylindrical polymeric
film. The black arrow indicates the internal lumen of the film shaped
as a hollow cylinder (tube-shaped). The images were captured at 10x
magnification, scale bar 1:15 (A), 1:50 (B).
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administration. However, DH undergoes extensive first-pass
metabolism, a fact that limits the amount of drug reaching
the CNS. The purpose of the present study was the nose-to-
brain delivery in vivo of DH, formulated in the recently de-
veloped HPM(-Me-3-CD-PEG400 based polymeric nasal film
characterized in vitro/ex vivo.

Methodology

Eight-week-old mice were randomly divided in two groups,
PO and IN, and each one received different treatment as de-
scribed in Table 1:

Table 1. Protocol of PK study

Mode of administration Dose (mg/kg)
Per os DH solution 10
Intranasal DH film 4

Time points (min)
15, 30, 45, 60, 120, 240, 360
5, 10, 15, 30, 45, 60,120

The intranasal dose was 2.5-times lower than PO one, ex-
pecting to achieve satisfying drug levels taking advantage of
NTB delivery [1-2]. Sparse sampling non-compartmental
analysis (NCA) was performed for all in vivo data using
Phoenix® 8.3 (Certara, Princeton, NJ, USA), to determine
serum and brain PK parameters (AUCo-t, Cmax, AUGint, t1/2).
The relative IN bioavailability (F), as well as the Drug Tar-
geting Efficiency Percentage (DTE) and NTB Direct Transport
Percentage (DTP) indexes were calculated to evaluate the ef-
fectiveness of nasal delivery, assuming a linear PK of DH [3].

Results

The NF administration resulted in high DH brain levels,
even if a lower dose was given (Figure 2). Cmax Was achieved
within 15 min after NF positioning into the nasal cavity. Ac
cordingly, DH serum profile demonstrated a faster and more
extended systemic absorption after the nasal delivery of the
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Figure 2. Total brain concentration-time profiles of DH administered
intranasally, as nasal film () and orally, via gavage method (®). The data
are presented as mean + SE, n=3-7 for IN group, n=4-5 for PO group.

drug (Figure 3). The Fia in brain and serum prove the im-
provement of DH distribution either in brain or bloodstream.
Furthermore, the DTE was higher than 100, equal to 184%
identifying a more efficient brain targeting via nasal route.
The value of DTP, equal to 45% indicates that a significant
fraction of IN dose entered the brain directly via NTB, in ad-
dition to the amount reaches the tissue through the system-
atic circulation (Table 2).

Table 2. Comparative PK Results

Brain Serum
Conax IN/Crrax PO 5.6 39
AUC,.. IN/AUC,, PO 2.8 1.5
Fra 7.55 3.95

Conclusions
The PK parameters estimated by NCA sparse data methodol-
ogy illustrated the effectiveness of IN administration ei-
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Figure 3. Serum concentration-time profiles of DH administered
intranasally, as nasal film (=) and orally, via gavage method (®). The data
are presented as mean + SE, n=3-7 for IN group, n=5-6 for PO group.

ther in brain targeting or to reach the bloodstream. High-
er drug levels were achieved at both sites, compared to those
after oral delivery. Thus, nasal flms manage to increase the
relative bioavailability in brain and serum after the admin-
istration of 2.5 times lower dose, taking advantage of the
NTB delivery and the avoidance of first-pass effect.
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A modified solvent processed feed HME process for the preparation of drug/amino acid CAMS
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Introduction

Oral administration is preferred for solid pharmaceuticals.
However, most of the new synthetic drugs are poorly sol-
uble categorized as BCS Class Il or IV. To address this, re-
searchers investigate new methods like CAMS fabricated
by different methods. Amino acids (AAs) are preferred as
co-formers for CAMS due to their low-molecular weight,
thus enabling high drug loadings. In this work a modified
hot-melt (HME) extrusion method was applied to develop
co-amorphous Griseofulvin/L-leucine solid dispersions with
vastly improved solubility and drug release performance
compared to crystalline drug, and which during dissolution
testing sustained supersaturation levels for at least 24 h.
The modified method bypasses the problems of thermal
instability of the drug and AA [1] by making feasible ex-
trusion at temperatures well below their decomposition
temperature. The following steps were followed for the
preparation of stable CAMS: i) wet mixing of the drug/AA
powder blend with suitable solvent to give a thick slurry, ii)
drying and sieving to produce agglomerates, (iii) feeding
into extruder.
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Methodology

Materials: Griseofulvin (GRI; Mw = 352.76 g/mol) was the
poorly water-soluble high dose model drug and L-leucine
(LEU; Mw = 131.17 g/mol), the AA co-former. Compritol®

888 ATO (COM) and Kolliphor® P407 Geismar (KOL) 75/25
blend was the plasticizer. Deionized water or 30% w/w
aqueous acetic acid (AcOH) were the feed processing sol-
vents.

Compositions: GRI/LEU weight ratio 2:1 (corresponding
to 1.3:1.7 molar) was used. Due to GRI's cohesiveness this
was the highest ratio enabling feeding into extruder.

Processing of extrusion feeds: A wet mixing/drying/siev-
ing process of GRI/LEU powder blend with or without plasti-
cizer was employed. The GRI/LEU powder mixture was first
blended with either deionized H,0 (dissolves LEU) or 30%
w/w AcOH aqueous solution (dissolves both drug and AA) to
give a paste. For the required consistency, 9-12 mL solvent
per g was needed. The wet mass was dried at 100 °C for 3 h,
sieved (850 pm) and the resulting granules were fed into the
extruder.

HME Conditions: A bench-type vertical single-screw
extruder (Model RCP-0250 Microtruder) fitted with a 2
mm orifice die at 20 rpm screw speed was used. For the
H,0 processed feeds the extrusion temperatures were be-
tween 145 and 185 °C, and 30% w/w plasticizer had to
be added for extrusion. For the AcOH processed feeds the
extrusion temperatures were 145 and 175 °C and there
was no need for plasticizer. However, for comparison,
blends of AcOH processed feeds containing plasticizer
were also tested.

Characterization of HME products: pXRD (Bruker D8,
Bruker) was used to estimate the crystalline content,
ATR-FTIR (FTIR Prestige 21, Shimadzu) to examine molec
ular interactions and DSC (DSC204 F1 Phoenix, NETZSCH)
for thermal characterization. Dissolution tests were con-
ducted in a USP Il apparatus (Pharma Test PTW 2) at 37+0.5
°C and 50 rpm. Non-sink conditions were selected based
on the Sink-Index (SI) choosing a value of 0.0115. To test
the CAMS stabhility samples were placed in desiccators at 45
°C/75% RH and analyzed for solid-state changes after 0, 30
and 90 days.
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Figure 1. pXRD patterns of extrudates with or without 30% w/w
plasticizer (9 amorphous content in parenthesis).

1658 em-* 1709 cm!

21/ACOHIHME/30
" 2:1/ACOHHME
A

1685 cm™

NN,
2:1/H,0/HME/30

£ S
gl AN N AN
8 ¥ ’\W’\P\\u\ A YN A\ VAR
E \V \V 1733 cm™ X
g 21/ACOH
I ! Y
£ VMN\AA
- —pemmrmprondon
MeaYaa't 22,0
|/ A /\1,\ v M/ A nN 2
S " )‘.’ ““ V| \ \/‘” ‘(‘\‘
N U I \JMU
: : - . - )
800 1000 1200 1400 1600 1800 2000

Wavenumber (cm™')

Figure 2. ATR-FTIR spectra pre-processed feeds and corresponding
extrudates with or without 30% w/w plasticizer.
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Figure 3. Non-sink dissolution profiles of extrudates with or without
30% w/w plasticizer.
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Figure 4. pXRDs of the extrudates at the beginning of stability test

and after 30 and 90 days at 40°C and 75% RH (% amorphous content
in parenthesis).

Discussion

AcOH processing resulted in complete amorphization of both
GRI'and LEU indicating CAMS formation (Fig. 1). Wet mixing
with AcOH dissolves both GRI and LEU allowing their mole-
cules to come close and interact resulting in amorphization.
This does not happen during H,0 processing.

GRI's peak at 1658 cm™ (Fig. 2) is not seen in the extru-
dates and also in the non-extruded AcOH processed feed,
possibly due to shifting and overlapping with peaks in the
1500-1600 cm™ region. This signifies H-bonding between
GRI's cyclohexanone ring carbonyl with the -OH or -NH of
LEU. For the 2:1/AcOH/HME extrudate the carbonyl 1709
cm™ peak is shifted to 1685 cm™ implying further H-bonding
between the benzofuranone ring carbonyl of GRI with the
-OH or -NH of LEU.

The 2:1/AcOH feed with 55.4% amorphous drug gave sig-
nificantly higher concentration than crystalline GRI (293.3 pg/
mL vs 7.8 pg/mL) which dropped to 240.0 pg/mL at plateau
(Fig. 3). However, the most impressive increase of GRI concen-
tration is exhibited by the 2:1/AcOH/HME extrudate, reaching
852.1 pg/mL in 15 min, before dropping to 640.5 pg/mL at
plateau (x80 times higher than the crystalline drug).

The good stability (Fig. 4) of the 2:1/AcOH/HME is due to
the strong interaction between GRI and LEU by two H-bonds
formed by two -OH of GRI (Fig. 2). It is interesting that al-
though the Tg of 2:1/AcOH/HME (73.1°C) is not far from the
storage temperature (40°C), CAMS remained stable.
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Table 1. Composition of extrusion feeds and % drug recovered from extrudates (mean values +£SD, n=3).

Nominal composition (% w/w)

Extrudate code

Griseofulvin L-leucine
2:1/H,0/HME/30 46.7 23.3
2:1/AcOH/HME 66.7 33.3
2:1/AcOH/HME/30 46.7 23.3

Table 2. Composition of extrusion feeds and % drug recovered from
extrudates (mean values +SD, n=3).

o
Code L(L’Eubb‘:ffr'ﬂ/ LOD% of  Solvent
. . extrudates residue (%)
processing
2:1/H,0 0.27 1.79+0.24 1.52
2:1/AcOH 0.27 3.81+ 0.47 3.54
2:1/H,0/HME/30 0.35 0.71 +0.02 0.36
*SD < 0.01
2:1/AcOH/HME 0.27 0.56 +0.03 0.29
2:1/AcOH/HME/30 0.35 0.69 + 0.02 0.34
Conclusions

« CAMS of the poorly water-soluble high dose drug GRI with

LEU was developed.

Drug content

Compritol® Kolliphor® (% w/w)
ATO 888 P407
22.5 7.5 98.7+0.6
0.0 0.0 99.2+0.8
22.5 7.5 99.3+0.1

« The obstacle of chemical degradation during amorphiza-
tion of the AA by direct HME processing was overcome by a
modified HME (Table 1).

+ AcOH residues (Table 2) acted as a plasticizer and perhaps
formed an acidic microenvironment during in-vitro dissolu-
tion further stabilizing GRI's release over time.

« The findings validate and encourage application of drug/AA
CAMS, particularly for high-dose drugs for which polymers
are not suitable.
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Peppermint Qil Spray Dried Powders - Encapsulating Wall Composition, Particulate

Characteristics and Powder Cohesiveness
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Introduction

Peppermint essential oil (EQ), featuring menthol as its main
bioactive constituent, displays antispasmodic effects in the
Gl, suggesting potential for treating disorders like irritable
bowel syndrome (IBS)[1]. In this work, two batches of micro-
encapsulated EO spray-dried powders (SDPs) were prepared
with polysaccharide (PSC) wall composition using surface
active (S0S) or non-surface active (ADA) starch grade. Two
additional batches, incorporating enteric methacrylate poly-
mer (Eudragit® L100) (PLM) at a ratio 20:80 with PSC (S0S
or ADA) were also prepared. Since the fine particle size of
SDPs (<20 pm) does not allow application of conventional
methods for the characterization of flowability and process-
ability[2], the prepared SDP batches were characterized by

direct measurement of tensile strength (of) over the 60 to
65% powder bed porosity range (%) using a split-cell type
apparatus (Fig. 1). Furthermore, the packing ability of pow-
der products was evaluated by tapping tests and application
of light weights.

& ’\’\ Spray Drying
s Split-Crell Apparatus »
. \ ok £
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Figure 1. (a) Experimental set-up consisting of load cell, signal conditioner and transducer connected to PC for recording force/time profiles.
(b) Set-up of split-cell apparatus itself. (c) Compression of powder bed inside the split-cell. (d) Diametral fracture of powder bed (end of test).

SD/ADA-PSC SD/S0S-PSC

Figure 2. SEM images of SD powder products.
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Figure 3. Recordings of force (N) with spring elongation (cm) during
tensile test

Methodology

Materials: Peppermint essential oil (EQ) was from Dioscu-
rides, Greece, Arabic gum (AG) from Nexira, France, and
maltodextrin (MD, Glucidex 21), modified food grade starch-
es (Clearam® CH 2020, acetylate di-starch adipate; ADA and
Cleargum®, sodium octenyl succinate starch; SOS) were gifts
from Roquette Italy. Eudragit® L100 (PLM) was gift from
Evonik (Darmstadt, Germany).

Spray-drying: EO emulsions were prepared using either
polysaccharides AG, MD and MS (ADA or SQS) only, (collec
tively abbreviated as PSC) or 20% PSC and 80% PLM. The
PLM was added to PSC emulsion from a 30% aqueous Eu-
dragit® L100 dispersion. The emulsions were spray-dried
using a bench-top spray dryer (B-191, Blichi, Switzerland) at
145°C and 1.4 mL/min flow rate with 600 mL/min airflow.
The surface morphology of the SD particles is shown in the
SEM images in Fig. 2.

Tapping test: Erweka SVM 101, USP1, Heusenstamm,
Germany tester - 25 mL glass volumetric cylinder, 14 mm
vertical drop height, 300 taps.

Split-cell apparatus test: In-house constructed split-
cell type apparatus (Fig. 1). SDPs were placed in the split-
cell and compressed by using weights up to 6 kg. Tensile
strength was estimated from the force required to split the
bed over the orthogonal split area (1cm x 10cm). The force
was estimated from the total spring extension read from
force-time (f/d) recordings after converting the pulling
time (25 mm/min) to displacement. Force was monitored
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using a cylindrical mini-load cell (2.0 MV/V, Sensotec Colum-
bus, Ohio, USA) to accurately determine the fracture point.
The load cell was bolded to the moving motor shaft. A spring
of suitable stiffness was mounted at one end to the load cell
and at the other to the movable half of the cell. The cohe-
siveness of the samples was compared from oy values at fixed
pr. Recordings of force with spring elongation during tensile
testing are depicted in Fig. 3.

Discussion

+ SD products with PLM wall show markedly lower values of
tapping indices (Table 1) compared to PSC products. This
is also the case when consolidation is done by application
of weights (2 to 6 kg) to the 10 cm circular flat surface of
the powder (Fig. 4).

Table 1. Particle size and packing properties of the experimental
spray-dried powders (mean values +SD, n=3).

¥ # )
Batch (c:15n(1)) (g‘}]cc) (gp/tcc) IndC:)r(r(i/o) I:I:tt;f)n(e—;
SDP/ADA 8.00 0.29 054 46.3+21 1.86+0.13
SDP/SQS 10.5 031 0.52 404zx16 168+0.54
SDP/ADA-PLM 9.5 0.39 060 350+1.3 1.54+0.32
SDP/SOS-PLM ~ 10.5  0.45 062 274+14 1.38+0.28

o -0~ ADA-PSC

1900 - 505-PSC

1700 o= ADA-PLM

1500 -#-S0S-PLM

1300

1100 /
900
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Tensile Strength (N/m?)

500

0,320 0,340 0,360 0,380 0,400 0,420 0,440 0,460

Solid fraction (p;)

Figure 4. Tensile strength against solid fraction p; for the spray dried
EO powders

« The easier packing of the PLM products is a consequence
of their spherical shape and smooth surface (Fig. 2) re-
sulting from a favorable arrangement of Eudragit® L100
in the wall.

43



io
Mavefnfirnvio

Mappakeutikd
2 UveEBpio

Table 2. Results of the split-cell test (mean values +SD, n=3).

Packing fraction Time at break

Batch (7 (t,).
0.36 +0.006 39.1+1.2
SDP/ADA-PSC 0.37 £0.004 42.3+1.0
0.39+0.001 449+09
0.35+0.003 224+1.5
SDP/SQS-PSC 0.39+0.001 32.8+2.7
0.40 +0.001 40.6+2.4
0.37+£0.004 274+ 14
SDP/S0S-PLM 0.38 +0.002 299+1.8
0.39+0.001 325+14
0.39+0.001 254+0.4
SDP/ADA-PLM 0.40 +0.001 27.3+£1.0
0.40 +0.001 28.7+0.8

« The pulling force during measurement remained constant in-
dicating uniform force application at constant rate of 25 mm/
min. This enabled conversion of pulling time to spring displace-
ment and total force applied at the point of powder bed split.

« From Fig. 4 it appears that for a fixed solid fraction value
SD powders with PSC wall show greater tensile strength
than SD powders with PLM due to the stronger bonding of
the known binder ability of polysaccharides compared to
that of the polymer.

Conclusions

« An instrumented split-cell (Warren spring) apparatus was
used to characterize the cohesiveness of spray dried pow-
ders with particles below 20 um which present cascade
flow not allowing direct estimation of flowability.

« The modified starch with surface active ability gave product
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Spring elongation Breaking force

(x), (cm) (). (N)
76+0.2 1.24 £ 0.06
8.2+0.2 2.01 £0.05
8.7+0.1 2.13+0.04
4.3+0.2 1.06 £0.07
6.4+0.5 1.56+0.13
79+04 193+0.12
49+0.1 1.30+£0.06
53+0.2 1.42 +£0.08
56+0.1 1.54+0.06
53+0.2 1.20+0.02
58+0.3 1.29+0.06
6.3+0.2 1.36+0.07

(SDP/S0S) with spherical smooth surface particles ena-
bling more effective packing and compressibility.

« The PLM spray dried products were less cohesive than
products with PSC wall which allows easier handling during
transportation and filling into capsules.

« The processing advantages of the PLM products contribute
greatly to their use as enteric release formulations based
on the solubility of Eudragit® L100 above pH 5.5
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Introduction

Hydrophobic starch esters have demonstrated high potential as
matrix formers in controlled release solid oral dosage forms'Y.. They
can form controlled-release tablets by depressing swelling and en-
zymatic degradation. Differences in the mechanical properties and
tableting performance of native starch (SN), starch acetate (SA)
and starch propionate (SP) have been highlighted previously®?.
The aim of the present work was to quantify the effects of relative
humidity (RH) on the moaisture sorption, dimensional changes and
mechanical characteristics of the tablets of different starch esters,
under static (SVS) or dynamic vapour sorption (DVS).

Vapor Sorption -
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Methodology

Materials: Native maize starch (SN) was from Colorcon, USA.
Starch acetate (SA) and propionate (SP) were synthesized by
reacting hydroxyl starch groups with acetic acid or propionic
acid anhydridelt).

ATR-FTIR spectra: FTIR-Prestige-21 (Shimadzu, Japan) attached
to a horizontal Golden Gate MKIl sing le-reflection ATR (Specac,
UK) equipped with a Diamond/ZnSe crystal.

Particle density (p): Helium pycnometry (Ultrapycnometer
1000, Quantachrome Instruments, USA). The mean values
were SN: 1.58 g/cc, SA: 1.39 g/cc and SP: 1.42 g/cc .
Compression: Tablet press (Model GTP-1, Gamlen Tableting
Ltd, UK); tablet weight 100 mg, 6-mm flat-faced punches,
10 mm/min compression rate and 120 or 174 MPa pressure.
Heckel model was used to assess the compression behavior:
InO[1/(1-p,)] = A+ KP, (P is compression pressure, p. solid
fraction, 1/K = yield pressure (Py), A is related to volume
reduction due to die filling and particle rearrangement!?.

Air permeametry: Blaine type instrument (PharmaTest, type
PTPD, Hainburg, Germany).

Moisture sorption: Changes in tablet weight and axial expan-
sion with RH were measured under static (desiccators with
saturated salt solutions, equilibrium time 2 days) and DVS
(step time 2 h) using a novel in-house developed system in
our lab in collaboration with HDK Solutions Ltd., UK). It is
comprised of controlled moisture generator, balance, dry air
supply and computer with software for system control®’.
Tablet morphology: Scanning Electron Microscopy (15 kV,
JEOL JSM- 6390LV, Jeol, Japan), EDS and Oxford INCA micro-
analysis system.

Results
ATR - FTIR spectra of starch powders

Ay vt
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Figure 1. ATR - FTIR spectra of native starch (SN), starch acetate
(SA) and starch propionate (SP).

Conclusions

« ATR-FTIR spectra (Fig. 1) show that there are more free -OH
groups in SP than SA, thus providing more interaction sites
with water vapour.

« Measurements under static conditions (SVS) showed that
for both forms of starches, powders and tablets, moisture
is sorbed in the order SN >> SP > SA (Fig. 2a-c).
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Static and dynamic moisture sorption of starch powders & tablets

(a) Static - Starch native (SN)

(b) Static - Starch acetate (SA)

—@— SN powder sorption

Relative Humidity (%)

(d) Dynamic - Starch native (SN)
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(e) Dynamic - Starch acetate (SA)
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(c) Static - Starch propionate (SP)
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(f) Dynamic - Starch propionate (SP)
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Figure 2. Static (a-c) and dynamic (d-f) vapor sorption of native starch (SN) starch acetate (SA) and starch propionate (SP) powders (SN, SA,
SP) and corresponding tablets compressed at 120 (SN1, SAL, SP1) and at 174 MPa (SN2, SA2, SP2).

Tablet characteristics & Compression behavior of starch powder

Table 1. Compression behavior of native starch (SN), starch acetate (SA) and starch propionate (SP) powders (mean values +SD, n=3). (mean values +SD, n=3).

Tablet code Compression Work of Solid fraction, Yield pressure, Air permeametry
Pressure (MPa) compaction, Wc (J) p;: () Py (MPa) (sec)

SN1 120 1.80+0.03 0.755 + 0.003 96.5+6.4
SN2 174 2.46+0.02 0.789 + 0.004 17630 120.0 +4.2
SA1 120 1.86+0.05 0.781 +0.007 105.5+49
SA2 174 2.37+0.05 0.824 +0.012 foox2l 373.5+13.4
SP1 120 2.17£0.02 0.792 + 0.005 567425 572.5+61.5
SP2 174 2.56+0.02 0.844 +£0.013 1896.5 + 280.7

Table 2. Tensile strength (TS) values of starch tablets exposed to different relative humidities (RH) under SVS conditions (mean values +SD, n=3)
(LSDy os:least significant difference at 95% confidence level).

TS at 23% RH for 2 TS at 43% RH for 2 TS at 63% RH for 2 TS at 83% RH for 2

46

Tablet code days (MPa) days (MPa) days (MPa) days (MPa) L3Do.0s
SN1 0.68 £0.03 0.65 +0.07 0.62+0.04 0.58 +0.02 0.06
SN2 0.87 £0.07 0.84+£0.11 0.80 £0.06 0.74+0.09 0.08
SAL 0.69 +0.05 0.68 +0.02 0.67 £0.03 0.66 +0.04 0.03
SA2 1.03+0.08 1.03+£0.08 1.02 £0.04 0.99 +0.07 0.04
SP1 1.39+0.04 1.35+0.02 1.29+0.05 1.24+0.06 0.14
SP2 2.05+0.12 2.00+0.08 1.83+0.04 1.81£0.03 0.22
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Axial & Diametral tablet expansion (SVS)
(a) Axial expansion - Starch native (SN) (b) Axial expansion - Starch acetate (SA) (c) Axial expansion — Starch propionate (SP)
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Figure 3. Axial (At) (a-c) and diametral (Ad) (d-f) expansion of native starch (SN), starch acetate (SA), and starch propionate (SP)
tablets compressed at 120 (SN1, SA1, SP1) and at 174 (SN2, SA2, SP2) MPa.

sure 174 MPa (comparing blue and red lines in Fig. 2b-c
under SVS and in Fig. 2e-f under DVS conditions).

« Axial and diametral expansion of the tablets followed the same
order as moisture sorption (Fig. 3) i.e., SN >> SP > SA. Inter-
estingly, it was not affected by the compression pressure.

« DVS results showed low moisture sorption for all starch tab-
lets (Fig. 2d-f, left axis), implying that in-line RH monitoring
during tablet formulation is not mandatory. Greater moisture
sorption is observed for starch powders (Fig. 2d-f, right axis).

« SP tablets have higher Wc and lower yield pressure (Table
1) indicating ability to deform, develop contact areas and
absorb compaction work, thus increasing bonding. This is
also demonstrated by the higher tensile strength (TS) of SP
tablets compared to SN and SA.

Figure 4. SEM microphotographs of SN, SA, and SP powders (a-c)  * The greater plasticity of SP (Table 1 Fig. 4), is manifest-

and surfaces of corresponding tablets compressed at 120 (d-f) and ed by the surface of compressed tablet showing extensive

174 MPa (g-i). integration with fewer boundaries compared to tablets of
the other starches.

« Compression pressure impacted on the sorption of SP and « The higher plasticity of SP also explains the significantly
SA (Fig. 2b,c) but not on SN tablets (Fig. 2a). Higher sorp-  lower diametral expansion of these tablets (Fig. 3f), com-
tion is manifested by tablets compressed at the high pres-  pared to SA tablets (Fig. 3e).

SEM microphotographs

(a) SN powder (b) SA powder (c) SP powder

(d) SN tablet - 120 MPa ©) SA tablet - 120 MPa (f) P tablet - 120 MP

i) SP tablet - 174 MPa

h) SA tablet - 174 MPa
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» SP tablets showed longer air permeation times (Table 1) of ~References
the air travelling towards the tablet surface due to plastic ~ 1.N. Sakhnini, N. Al-Zoubi, G.H. Al-Obaidi, A. Ardakani, Sustained

deformation reducing surface porosity compared to other release matrix tablets prepared from cospray dried mixtures with
starch tablets starch hydrophobic esters. Die Pharmazie, 70(2015):177-182.

o . . 2.N. Al-Zoubi, A. Ardakani, F. Odeh, N. Sakhnini, I. Partheniadis, I.
« Greater hysteresis is noticed for the SP tablets during SVS Nikolakakis, Mechanical properties of starch esters at particle and

(Fig. 2c, arrow) and DVS (Fig. 2f, arrow) sortion/desorp- compact level - Comparisons and exploration of the applicability
tion, compared to SA tablets (Figs. 2b and 2e, respective- gf.qies(tjngg) fqugg';’” to predict tablet strength. Eur J Pharm
: (1,147(2020):105292.
ly). signifying vapor entrapment in t,he tablet structure. 3. |. Partheniadis, D. Kopanelou, M. Gamlen & I. Nikolakakis, Monitoring
« TS values of tablets exposed to different RH under SVS the weight and dimensional expansion of pyridostigmine bromide
conditions (Table 2) were only significantly different when  tablets under dynamic vapor sorption and impact of deliquescence
Comparing Strength Va]ues obtained at 23 0/0 RH W]th Va]_ on tablet Strength and drug release. Int] Pharm, 609(2021)121150

ues obtained at 83% RH.
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Fabricating hybrid particles for possible nose-to-brain delivery of ropinirole

Elmina-Marina Saitani', Natassa Pippa', Paraskevi Papakyriakopoulou!, Stergios Pispas?, Georgia Valsami*
Department of Pharmaceutical Technology, Faculty of Pharmacy, Panepistimioupolis Zografou 15771, National and Kapodistrian University of

Athens, Athens, Greece

Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, 48 Vassileos Constantinou Avenue, 11635 Athens, Greece

CONTACT INFO: elminasait@pharm.uoa.gr, valsami@pharm.uoa.gr

Introduction

Ropinirole hydrochloride (RH) is a non-ergolinic dopamine
agonist, used for Parkinson's disease. However, oral admin-
istration of RH has limitations, mainly due to the poor sys-
temic bioavailability caused by the extensive hepatic first
pass metabolism and the low access to the brain due to the
Blood-Brain Barrier (BBB). One promising approach to over-
come these issues is the nose-to-brain transport route of ad-
ministration, bypassing the BBB and permitting direct brain
targeting and rapid onset of action.

Objective: This study aims to design and develop hybrid
systems composed of Poloxamer 407 (P407), non-ionic sur-
factant (Tween 80), and cyclodextrins (methyl-B-CD or hy-
droxy-propyl-B-CD) for possible brain drug targeting after
nasal administration of RH.

s~~~ Poloxamer 407
2 Tween 80

Cyclodextrin

S5 .

Figure 1. lllustration of the RH-loaded systems based on the results
obtained from the applied techniques.

Ropinirole hydrochloride

Methodology

The hybrid systems were formed by the thin-film hydration
method.

The systems’ physicochemical and morphological characteri-
zation was achieved using the following techniques:

« Differential Scanning Calorimetry

» Light Scattering techniques

« Cryogenic Transmission Electron Microscopy

« MTT assay on HEK293 cell lines

« In vitro diffusion experiments using Franz cells

« High-Pressure Liquid Chromatography Analysis

o)

~yoH

A.
HO‘%HZCHZOHCHZCIHOHCHZCHZO]—H
CHs L
100 65 100

G or D.

Figure 2. Chemical structures of A. P407, B. Tw80, C. MBCD, D.
HPBCD, E. RH, and F. the preparation protocol of hybrid systems.

Results

02 \
00 J J

1 10 100 1000 10000
R, (nm) R, (nm)

Figure 3. A. Size distribution for the P407, P407:Tw80, P407:Tw80:
MBCD and P407:Tw80:HPBCD systems; Size distribution in differ-
ent dispersion media and size distributions for drug-loaded system
in weight ratios of 10:1 and 10:5 for P407:Tw80:MBCD (B, D) and
P407:Tw80:HPBCD (C, E) systems, respectively.
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Table 1. The physicochemical properties of the prepared hybrid systems on the day of their preparation.

P407 - 97 0.4,
P407:Tw80 70:30 18 0.5,
(P407:Tw80):MBCD 80:20 106 0.3,
(PA07:Tw80):HPRCD 80:20 100 0.3

Figure 4. Cryo-TEM micrographs of hybrid P407:Tw80:MBCD (A, B)
and P407:Tw80:HPBCD (C, D) systems.

Viability %

P407 PA07:Tw80
m25/mL ®50ug/mL =100 pg/mL =200 pg/mL ®300 pg/mlL m 400 pg/mL W 500 pg/mL

P407:Tw80:MBCD P407:Tw80:HPBCD

Figure 4. Cryo-TEM micrographs of hybrid P407:Tw80:MBCD (A, B)
and P407:Tw80:HPBCD (C, D) systems.

« The development of strong interactions between polymer,
surfactant, and CD may be associated with the formation
of an inclusion complex.

« The ternary systems exhibit stability when exposed to sim-
ulated nasal cavity conditions, whereas the PEO chains par-
tially impart biological stability to the composed structures
in serum media (Figure 3).

50

Number Ri (continy Weight of z-potential
of peaks (nm)? peak (%) (mV)
1)4 1) 6%
3 2)39 2) 38% -20.5+6.0
3)598 3) 55%
1 29 100% -6.1£2.0
18 1) 3%
2 2 104 2)97% -12.9+12.0
19 1) 3%
2 2) 114 2)97% 6.9+84
N _ - .
,,\\/ o o - \V‘ S
’ - &
W O ‘u S

Figure 6. DSC thermograms. The heating curves of a. RH,
RH-loaded ternary systems [(P407:Tw80:MBCD):RH (A) and
(P407:Tw80:HPBCD):RH (B)] in different weight ratios b. 10:10, c.
10:5, d. 10:1, e. 10:0.5 and f. 10:0.1.

« The structures visualized in cryo-TEM images had spherical
configurations (Figure 4).

« The prepared systems exhibit no cytotoxicity at low con-
centrations. As the dose was increased, a correlation be-
tween dose and cytotoxicity was observed on HEK293 cell
lines, with the degree of cytotoxicity varying based on the
materials' composition (Figure 5).

« The most optimum weight ratios for the incorporation of
RH were 10:1 and 10:5, as they demonstrated superior co-
operativity between the materials and the highest incorpo-
ration of RH (Figure 6).

« The addition of RH to the systems in different concentra-
tions influenced the particle size distribution, potentially
due to different interactions and self-assembly behaviors
among the components (Figures 3 and 6).
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A.ﬂ Cumulative Amount (0.05 mg RH dose) C. Cumulative Amount (0.25 mg RH dose)
’ 1
” | —

—e—F1(PAO7:Tw80:MBCD):RH (10:1) colloidal dispersion

o F3 (P407:TWO:HPBCD):RH (10:1) coloidal dispersion
BCDRH

—+—F5b (P407:Tw80:MBCD):RH (10:1) lyophilized powder
F7b (P407:Tw80:HPBCD):RH (10:1) yophilized powder|

—a— R solution 0.5 mg/mL.
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5 (PAO7:TWB0:MBCD):RH (10:5) lyophilized powder
——F7 (PAO7:TwBO:HPBCD):RH (10:1) yophilized powder

78 (P407:TWS0:HPBCD):RH (10:5) lyophilized powder

RH solution 2.5 mg/mL
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Time (min)

B. % Dose permeated (0.05 mg RH dose)

—e—F1(PAO7:Tw8O0:MBCD):RH (10:1) colloidal dispersion
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——RH solution 0.5 mg/mL

RH % loading dose.

F2b (P407:TwB0:MBCD):RH (10:5) colloidal dispersion
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——F5 (P407:TW80:MBCD):RH (10:1) yophi

——F6 (PAO7:TWO:MBCD)-RH (10:5) lyophilized powdier
——F7 (P407:TW80:HPBCD):RH (10:1) lyophilized powder

F8(P407:TWB0:HPBCD):RH (10:5) lyophilized powder

RH solution 2.5 mg/mL

& % 120 150 180
Time (min)

Figure 7. Permeation profiles, through regenerated cellulose membranes, for the colloidal dispersions and lyophilized powders of RH-loaded P407
ternary systems in comparison to the RH solutions (0.5 and 2.5 mg/mL). The results are expressed as (A, C) quantity permeated per unit area
(mean + SD, n=3) and (B, D) % loading dose permeated for the tested formulation (mean + SD, n=3). The data is provided for the following RH

doses: 0.05 mg (A, B) and 0.25 mg (C, D), respectively.

« The results of in vitro diffusion experiments indicated a
drug loading higher than 90% in all cases, with the drug
release exhibiting a progressive increase over the dura-
tion of the experiment (Figure 7). The lyophilized powders
demonstrated increased levels of permeated loaded dose
of RH from the beginning of the experiment until 90 min
compared to the corresponding colloidal dispersions.

Conclusions

The extensive physicochemical and morphological charac-
terization of these hybrid systems proved their potential as
attractive candidates for drug delivery systems with unique
properties. These systems present appealing opportunities
for RH nasal delivery and nose-to-brain targeting as depicted

by the beneficial results derived from in vitro diffusion exper-
iments. To this end, further studies are ongoing to evaluate
the ex vivo permeation through rabbit nasal mucosa, as well
as the in vivo serum and brain pharmacokinetic profiles after
nasal administration of the developed formulations.

References:
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In vitro modified-release matrix tablets of omeprazole for paediatric patients
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Introduction
Omeprazole is an inhibitor of the enzyme system of hydrogen/po-
tassium adenosine triphosphatase (H+/K+-ATPase), which leads to
the inhibition of gastric acid secretion [1]. Because of its mecha-
nism of action, it is indicated for gastroesophageal diseases [1].
Concerning the paediatric population, omeprazole is also prescribed
for this group, but the safety profile is not as well established as for
adults [2]. The usual doses of omeprazole, in commercial formula-
tions, are 20 and 40 mg [1]. However, due to the particular needs
of children and the risk of long-term adverse effects [3], the daily
dose could be lower and personalized for each patient.

The aim of this project was to prepare modified-release
tablets of omeprazole for paediatric patients and study its
dissolution profile.

Figure 1.
Drug release (%)
vs time.

Methodology

Three tablets were prepared using Omeprazole, as the active
substance, Chitosan, Sodium Alginate (Medium viscosity), Lac
tose monohydrate and Magnesium Stearate, as excipients, under
direct compression conditions. A USP apparatus 11 was used for
the dissolution experiments, which were conducted at pH=6.8 for
150 min. Samples were analyzed, using UV-Vis spectrophotome-
try (LLG-uniSPEC 2 Spectrophotometer), at A,,,,=301 nm.

Results

Figure 2 (%) Drug release from Formulation 1 tablets, vs time.
The results indicate a modified drug release from

Formulation 1. It has shown an approximately 55% drug

release at t=30 min. and a plateau from t=90 min. to t= 150

min. The maximum drug release is approximately 75%, which

52

Formulation 1

% released

t (min)

Figure 2. Drug release (%) vs time.

Table 1. Tablet formulation

Formulation Formulation 1 (mg/tablet)
Omeprazole 5
Chitosan 1
Sodium Alginate (Medium viscosity) 3.3
Lactose monohydrate 10.5
Magnesium Stearate 0.2
Total 20

indicates the suitability of the Formulation 1 for the sought
delivery profile. Further studies, with coated tablets, are planned
to be conducted, at pH=6.8, aiming at augmenting the drug’s
release in the small intestine simulated environment, and also
at pH=4.5, which simulates the gastric fed-state conditions, in
order to reduce omeprazole's release under these conditions.
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NpoiinoBéacis nAactikonointikns dpdons tns copPitoAns katd tn Oeppoe€wOnon Kollidon® SR

diagopetikol Pabpol evudatwons

MiAuGéns Tookas, lwavvns MapBeviadns, lwavvns NikoAakakns
Laboratory of Pharmaceutical Technology, School of Pharmacy, Faculty of Health Sciences, Aristotle University of Thessaloniki, 54124 Greece.
Email: toskasmi@pharm.auth.gr (M.T.), ioanpart@pharm.auth.gr (1.P.) and yannikos@pharm.auth.gr (I.N.)

Eioaywyn

H oopfitéAn éxel nhaotikonointikn dpdon kal Adyw Ttns
XapnAns Beppokpacias théns, s Bio-anoikodopnons Ka
WS Un-teEpNdoyovos npoogépstal yia tn Beppoegwbnon
@appakwy. Katd tn BeppoegwBnon pelyudtwy pe AUuAo
napouciaoe avu-nAactikonointikn dpdon o€ XapnAés ou-
YKEVIpWOEIS e mBaves ouveneles otnv aneAeuBépwon
@appdkwvit. To Kollidon® SR eivar BepponAactikd noAu-
HEPES pe ave€dptntn Tou pH napatetapévn aneAsuBepwon
(Qapudkou kaBws kai Pe avaoTaAtikn 6pdaon oTnv KPUOTAA-
Awans @appakwy diatnpwvtas unepkopeapd. Opws, eppa-
videl uypookomikGTNTa Kal H1agoPETIKN evudATWON 0€ OXe-
TIKG UPNAN oxetikn uypaoia 12, KaBdét to vepd eivar enions
NACOTIKONOINTAS 0 0Konds Tns napoUaas epyacias ntav va
diepeuvnBei n nAaotikonoinTikn 6pdon S10POPETIKWY OU-
YKEVIPWOEWV 00pPitoAns otn Beppoe&wbnon Kollidon® SR
dragopetikou Babpou evudatwaons.

Nelpapatiko

YAikd: MoAupepés Kollidon® SR, BASF, Ludwigshafen,
Germany) peta ano ékBeon og ouvBnkes xapunAns (42%) n
upnAns (75%) oxetikns uypaoias (RH); nAaotikonointns oop-
BitoAn (Karion®, Merck, Darmstadt, Germany).

Napaywyn OepuoeéwBnpatos: Epyaotnpiakds HOVOKOxAI0S

e€wBntns Oiataéns (Microtruder RCP-0250, Randcastle,
N.J., USA) &1dpetpos koxAia 6.35 mm, pnkos/&1dpetpo 24:1,
40 rpm.

Xapaktnpiopds okAnpotntas, TPAXUTNTAS KAl HOPEO-
Aoyias emeaveias

Navo-bieiobuon: Shimadzu HV-2. Extedolvtar diadoxikoi
KUKAOI (OpTIONS-ano@opTions 0 OIAMOPETIKA onpeia tns
emeaveias. To defypa (HikpokuAivopol 2 mm x 2 mm), ote-
pewBnke pe kit EpoFix (Bruker), AeidvBnke (SiC 120, 400,
800, 1000 ka1 2400 mesh) ka1 yuaAiotnke. AoknBnke duva-
un 98 mN yia 30 sec XxpnalponolwvIas dlapaviévia nupa-
mdoe1dn akida (Vickers 136 poipwv). BdBos. diioduons 2
mm, xpovos xaAdpwans 20 sec. MMapatnpnon anotunwpad-
TV Pe pikpookomo Leica 4000M (p€on Tipn and touAaxi-
0TovV 5 PETPNOETS.

HAektpovikn pikpookonia odpwons SEM: 20 kV, JSM 840A,
Jeol, Tokuo, lanwvia

Lteped katdotaon - Aiagopikn Oepdopetpia Fdpwons
(DSC): DSC 204 F1 Phoenix (NETZSCH, Selb, Teppavia. 5-10
mg o€ &10kdK1 aAoupiviou pe onn, €Upos Beppokpaciwy -10
¢ws 140 °C/puBpos 10 °C/min) o atpoopaipa aepiou adw-
Tou. H wign twv delypdtwy npiv 1o 20 kUkAou Béppavons
yivotav pe uypd N2 oe -10°C.

Mivakas 1. Yuvbnkes BeppoegmBnans perypdtwy Kollidon/oopPitoAns (KN noAupepés xapnins kar KW upnAns evuddtwans).

Oeppokpaoies {wvwv (°C)

Meiypa €€wBnons Kollidon:ZopPitoAn

T1 T2

KNS/100:0 80 110
KNS/97.5:2.5 80 110
KNS/95:5 85 115
KNS/90:10 85 115
KWS/100:0 90 125
KWS/97.5:2.5 85 115
KWS/95:5 80 110
KWS/90:10 80 110

MNigon oto owAnva e§wOnons (MPa)

T3 T4

115 113 2.07-1.38
115 113 2.41-1.03
120 118 2.07-1.38
120 118 2.07-1.38
135 138 241 -2.07
125 123 241 -2.07
120 118 241-1.72
120 118 2.07-1.72
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Aiokionoinon: Epyaotnpiakn npi-autdpatn ékkevipn d1oki-
onointikn pnxavn Gamlen® D-series (Gamlen Tableting Ltd,
Nottingham, UK) pe duvatdtnta kataypa@ns twv Npo@iA du-
vans/oupnieons.

AnoteAéopata

BIBAIO NMEPIAHWEQN

Mivakas 2. Oeppokpaaia UAAMOOUS PETANTWONS HETYUATWY.

Oeppokpacia uaAwdous petantwons,
Tg (°0)

Meiypa e€wOnans

Kollidon:Zop

BrtoAn

Quoiké  E&wBnpévo

Predicted

peiypa peiypa  (Gordon-Taylor)
Sorbitol -5.3 n.a. n.a.
KNS/100:0 35.5 33.2 n.a.
KWS/100:0 34.6 33.6 n.a.
KNS/97.5:2.5 36.7 31.9 32.3
KWS/97.5:2.5 35.2 33.4 32.7
KNS/95:5 35.4 33.7 31.3
KWS/95:5 33.7 34.0 31.7
KNS/90:10 35.5 33.1 29.4
KWS/90:10 34.6 35.2 29.9

Average Roughness, Sa 12,6924 nm KNS/100:0

el o

[ P 4
¥ 20 —n ¥
el )

00

Average Roughness, Sa 40,1406 nm KNS/97.5:2.5

Ixnpa 1. Angik6vion Tpaxytntas
emeavelwv Beppoegwbnpdtwy
ano AFM ka1 SEM.

Force (mN)

1 15 2
Depth (um)

‘Average Roughness, Sa 45,6774 nm KWS/100:0

Average Roughn 3331 nm
KWS/95:5 Kolldon - Sorbitol

Average Roughness, Sa 39,0834 nm
KW$/90:10 Kolidon — Sorbitol

Force (mN)

1 15 2 25
Depth (um)

Ixnpa 2. Kataypaen petaBoAns BdBous dieiobuons pe aokoupevn

dUvapn katd n vavo-dieioduon yia
ddtwons eEwbnuarta.
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(a) (b)

— AL1sq
— 8715

Sivayn owmEoTS (ko)
Advapn ouumicons (ka)

2 2 2 E P = »
Meratémion euBéAou (mm)

Merarémion guBoAou (mm)

() (d)

J T
— BxL 15
<0 | — ot 150|

8

Advapn oumEong (ko)
H

Aivapn owriang (kg)

Meratémion uBGAou (mm) Merarsmion epBGAou (mm)

Ixapa 3. Aaypdppata dUvapns - petatomons Beppoefwbnpévoy
perypdtwv Kollidon® SR pe copfrtoAn. (a) kar (¢ ) npo@iA @uaikwy
PIYHATWV Kal €€wBnpdtwy pe xapnAd nooootd evuddtwons K1 avti-
otoixa ota (b) kar (d) pe upnAd Nooootod evudatwans.

Xudntnon

AuokoAdtepn  €€wBnon  eppdvicav ta KWS/100:0  kan
KWS/97.5:2.5 (Mivakas 1, teAeutaia othAn). Mépav twv pe-
TPNOEWV NS TPaxUTntas (Ixnua 1), autd unodnAwver uyn-
AOTEPO 1€WoES Twv avtiotoixwv tnypdtwy KWS/100:0 kai
KWS/97.5:2.5 Aoyw duvapewy tpipns.

Extos twv €€wBnpdtwv KWS/95:5 kar KWS/90:10 nou
n BeppoegwBnon 0dnynoe o€ pikpn peiwon tou Tg, unnpée
onpavukn peiwon yia e€wBnpéva pefypata KN (Mivakas 2).

Ta Beppoe€wbnpata KW napouaiddouv onpavtikd peya-
AUtepn okAnpotnta and ta KN yia enineda copPitoAns and
0% €ws 5% (Ixnpa 2), v 01 TIPES PIKPOOKANPOTNTAS TwV
e€wBnpdatwv KN kar KW nAnaiddouv oto eninedo oopBitdAns
10% (1.37 kan 1.32, avtiotoixa).

H anoppo@oUpevn pnxavikn evépyela katd T oupnieon
(epBado kdtw and tnv kapnUAn aipnieons, Ixnpa 3) ivar on-
Havikd xapnAdtepn ota BeppoewBnpata to onoio oxetide-
a1 € TO XapunAGTePO Tg, Mo PaAakn em@Avela kar AlyOTEPES
diemavelakes TpiBes.

Lupnepdopata
H BeppoegwOnon odnynoe o€ peiwon tou Tg, oe olykpion
LE QUOIKA pefypata kal ntav peyaAdtepn yia e€wbnuata e
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noAupepes xapnAns evuddtwons (KN). Mahiota, ta Tg twv
e€wBnpdtwv perypdtwv KN ntav noAu kovid otis npofAe-
nopeves BewpnTIkES TIPES NOU UNOONAWVET 18AVIKN avAUEIEn
TWV OUOTATIKWY 010 €€wBnpa.

H copPitdAn Acitoupyei oav NAaoTIKONOINTAS O€ OAES
IS avaAoyies yia pefypata pe noAupepes xaunAns evuda-
twons KN, aAAG yia pefypata pe noAUPEPES UPNANS Evu-
ddtwons (KW) pévo oe avaloyies 5% kar 10% evw otn
xapnAn avaoyia 2.5% aokef 10xupn avTiinAGQoTIKONOINTIKN
dpdon.
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H avunAaotuikonointikn 6pdon tns copPitoAns eixe oav
anoTeAEopa augnon Tns eM@AVEINKNS TPAXUTNTAS Kal NS
OKANPATNTaS, GAAG Peiwaon TS XaAdpwaons Taons.

Avagopés

[1]. Chamarthy SP, PinaR. Plasticizer concentration and the performance
of a diffusion-controlled polymeric drug delivery system. Colloid
Surf A Physicochem Eng Asp, 2008; 331(1-2): 25-30.

[2]. Hauschild K, Picker-Freyer KM. Evaluation of tableting and tablet
properties of Kollidon SR: the influence of moisture and mixtures with
theophylline monohydrate. Pharm Dev Technol, 2006; 11(1): 125-140.
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Dual-Responsive DSPC:P(OEGMA,,-DIPAEMA) nanostructures: Evaluating the design

parameters affecting their performance
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Introduction

Hybrid nanoparticles are nanocarriers, composed of two or
more different biomaterials, which maintain the biophysical
properties all of the components. Lipid/polymer nanostructures
are among the most promising hybrid nanoparticles, as they
combine liposomes' biocompatibility and the physical stability
of polymeric nanoparticles. Furthermore, nanoplatforms that
respond to an internal or external stimulus, such as pH or/and
heat, can be used for novel treatment due to spatiotemporal
release. The main purpose of this study is to develop hybrid
nanostructures with stimuli- responsive properties and in-
vestigate the parameters affecting their behavior from a
biophysical, physicochemical, and toxicological point of view.

Methodology

« Differential scanning calorimetry

» Dynamic and Static Light Scattering
» Fluorescence spectroscopy

« MTS assay (HEK293 cell lines)

a. ®

[
JUUVUUUNS vol Y
NOUOIIIOL i g

s
b. ¢
s
oH o~
oN 0
0

o,
ZN’<
C.
DSPC
P(OEGMA-co-DIPAEMA)
copolymer
(segmants of OEGMA in green color
and DIPAEGMA in yellow color)

Figure 1. a-b chemical structure of the utilized biomaterials: a. 1,2-
dioctadecanoyl-sn-glycero-3- phosphocholine (DSPC) and b. statistical
or random copolymer P(OEGMAgs,'-co-DIPAEMA?) in two different
ratios; namely 37% PDIPAEMA or copolymer-1 and 70% PDIPAEMA or
copolymer-2, c. scheme of the lipid/copolymer hybrid bilayer

L OEGMA: Oligo (ethylene glycol) methyl ether methacrylate

2 DIPAEMA: 2-[diisopropylamino] ethyl methacrylate.

Yoy
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Preformulation Studies

The preformulation studies demonstrated copolymer’s incorpora-
tion into the bilayer and a lipid to polymer dependent biophysical
behavior (Figure 2). According to these results the location of the
copolymer into the bilayer could be as the Figure 1c suggests.

Heat flow &4 (J/mol), endothermic

Figure 2. Thermotropic behavior of hydrated A. DSPC:copolymer-1 and
B. DSPC:copolymer-2 bilayers in different lipid to polymer ratios: a) 9:1,
b) 8:2, ¢) 7:3, d) 6:4, and e) 5:5 during i) heating and ii) cooling.

Results

The physicochemical characteristics of the lipid/copolymer
nanostructures indicate appropriate size for drug delivery
applications, polar microenvironment, and a rather loose
conformation as described in Table 1, while there are size
fluctuations in different pH and temperature conditions
(Figures 3 and 4). According to MTS assay the nanocarriers
are mainly biocompatible having a dose dependent cyto-
toxicity (Figure 5). Generally, the nanostructures utilizing
copolymer-2 over 1 are more hiocompatible.
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Table 1. Physicochemical properties of selected lipid/copolymer
systems at 25°C and in aqueous dispersion medium.

Weight Rh

BIBAIO MEPIAHWEQN

System p o (KM L PDI Rg/Rh L/l
DSPCI 91 4210 62 031 14 165
DSPC:L 73 21645 103 020 13 178
DSPC:L 55 3023 58 03l L4 168
DSPC2 91 1087 58  0.42 - 1.68
DSPC:2 7:3 413 23 046 - 1.67
DSPC2 55 499 33 0.27 - 1.58

Physicochemical behavior in pH and temperature changes

i) e

R)

ii) o

i) 1o

i) 1o

b

"
R, (om)

"
R, (om)

Figure 3. Size distribution from DLS for the hybrid systems incorporat-
ing (@) DSPC:copolymer-1 and (b) DSPC:copolymer-2 in three different
lipid to polymer weight ratios: i) 9:1, ii) 7:3, iii) 5:5, and three different
pH media: HCT 0.1N (pH 1.2) (orange color), water for injection (pH 5.5)
(purple color), PBS (pH 7.4) (green color).

i) e

R

ii) 0]

i) 10

W
R (om)

i) 1

w
R, (nm)

R, (nm)

w
R, (nm)

Figure 4. Size distribution from DLS for the hybrid systems incorporating
(@) DSPC:copolymer-1 and (b) DSPC:copolymer-2 in three different lipid to
polymer weight ratios: 1) 9:1, ii) 7:3, ii) 5:5, and three different tempera-
tures: 25°C (black color), 37°C (red color), and 60°C (blue color).
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In vitro toxicity

wr | d = I . - I B

% Cel viability

DSPC:19:1
25ug/mLA

DSPC:17:3 DSPC:15:5 DSPC:2 9:1 DSPC:27:3 DSPC:2 5:5
50ug/mL B m100ug/mLC ®200pg/mLD m300pg/mLE m400pug/mLF m500pg/mLG

Figure 5. Cell viability vs. different concentrations of DSPC hybrid
systems incorporating co-polymer: (a) P(OEGMA950-DIPAEMA)-1; or
(b) P(OEGMA950-DIPAEMA)-2 at different Tipid to polymer weight ra-
tios. The error bars represent the standard deviation.

Conclusions

Non-toxic and stimuli-responsive hybrid lipid/copolymer
nanosystems were successfully formed and the main design
parameters influencing their performance were identified
including:

- copolymer’s architecture

« hydrophobic to hydrophilic ratio

« lipid to copolymer ratio.
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Tablets of Enteric Microencapsulated Oregano Essential Oil Powders -Evaluation and Release
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Introduction

Oregano essential oil (EQ) of Greek origin with high carvacrol
content (86.84%) has been shown to be effective in a microen-
capsulated with polysaccharides spray-dried solid form against
strains of E. coli, Klebsiella sp., S. aureus and P. mirabilis“).
Since its efficiency is associated with action in the intestine, in
this work we have prepared tablets of the EQ by compressing a
spray-dried enteric release powder form in which the EQ is mi-
croencapsulated in a polysaccharide/ methacrylate wall?. The
polysaccharidic (PSC) part of the wall consisted of Arabic gum,
modified starch and maltodextrin, providing emulsion stabili-
zation, environmental protection and prevention of vaporiza-
tion, of the EQ constituents. The methacrylate polymer (PLM)
was Eudragit® L100 providing enteric release. Additionally,
four different grades of maltodextrins were used differing in
their Tg and molecular weight (Mw), and origin (corn or pea).

Methodology

Materials: Oregano essential oil (EO; 85.89% carvacrol) from
Oreganum vulgare was from Ecopharm (Greece), Arabic gum
(AG) from Nexira (France), maltodextrins (MD) (Table 1) and
modified food grade starch (Cleargum® CO03, sodium octe-
nyl succinate starch of high and low viscosity respectively)
from Roquette (Italy) via Interallis Chemicals, Greece and Eu-
dragit® L100 from Evonik, Darmstadt, Germany via ChemiX
SA, Greece.

Spray-Drying: The EO/PSC emulsions and Eudragit® L100
dispersion were prepared as described previously®?. PSC
emulsions were spray-dried as such to prepare the instant
release powders (PSC wall only) or combined with the PLM
dispersion in a ratio of 20:80 w/w to prepare the enteric
powders (PSC/PLM wall). 100-mL of feed dispersion was
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spray-dried (B-191, Biichi, Switzerland) under the condi-
tions: inlet air 145°C, feed rate 3.5 mL/min, air flow 600 mL/
min. Yield and oil retention (%) were determined!.

Size and shape of particles: Mean particle diameter and
shape (roundness) of particles were analyzed with optical
microscopy (Olympus BX41, Japan and video camera Leica
DF295, Germany) using image analysis. For the evaluation of
the morphology of the particles scanning electron microsco-
py (SEM) was performed using a microscope equipped with
W filament (15 kV, JEOL JSM- 6390LV, Jeol, Tokyo, Japan),
EDS and Oxford INCA microanalysis system.

ATR-FTIR Spectroscopy: FTIR spectra were obtained using a
Shimadzu FT-IR-Prestige-21 spectrometer and software (Shi-
madzu Corporation, IR Solution 1.3) attached to an ATR system
(Specac, Kent, UK) equipped with a diamond/ZnSe crystal.
Thermal characterization: Thermogravimetric analysis (TGA)
(TGA-50, Shimadzu, Japan) was performed to investigate oil
leakage from the particles.

Compression: Powder samples (100 mg) were compressed at
80, 125 and 174 MPa on a tablet press (Model GTP-1, Gamlen
Tableting Ltd, Nottingham, UK) fitted with 6-mm flat-faced
punches at 10 mm/min. The work of compression (Wc) was
computed from the area under the compression curve form
the recorded force/displacement (f/d) profiles.

Results
- MWu.WZT’S&T
V\ y {{:}:\«j ( TN oy a«r«W\’V”M‘M‘/\ )
Jav N % (
/AN
- LJ 1,\/( v psc
Y ﬂ o, ﬂ 1_psC
: ,:;} i W %\/N\ re
H N /r
. Nisn N

Figure 1. ATR-FTIR spectra of PSC only and PSC/PLM wall material
spray-dried powders of the HM and KL maltodextrins.
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Table 1. Weight loss on drying (LOD%) of solvent processed GRI/LEU feeds and corresponding HME extrudates, together with solvent residues in
extrudates (mean values +SD, n=3).

Particle size distribution (pm)

SD product  Yield (%) MC (%) Recovery of EO (%) %0il Leakage*
dio dso doo Span
KL_PSC 44.6 6.3+0.04 76.0 1.27 4.19 8.15 1.64 0.106
LM_PSC 36.9 8.1+0.07 73.6 1.46 4.33 13.22 2.72 0.935
MM_PSC 47.1 9.5+0.08 80.0 1.23 5.58 12.75 2.06 2.886
HM_PSC 41.2 9.1 +0.06 74.5 191 6.95 15.92 2.02 2.958
KL_PLM 74.1 2.8+£0.06 74.4 2.24 743 15.16 1.74 0.226
LM_PLM 69.5 3.6+0.06 73.0 1.31 4.17 1491 3.26 0.199
MM_PLM 69.6 4.3+0.06 76.0 1.98 5.31 14.57 2.37 0.006
HM_PLM 56.0 49+0.15 72.5 1.84 5.57 12.71 1.95 0.643

Figure 5. SEM microphotographs of tablet surface of KL_PSC (left)
and KL_PLM (right) spray-dried products.

Figure 2. SEM microphotographs of KL_PSC (a) and KL_PLM (b) spray-

dried particles. s 0 1008 80 20 (A 1)

Tablets 0_100 & 80_20 (pH 7.5)

W, of Unloaded Tablets (6 mm flat, 170MPa) W, of EO Loaded Tablets (6 mm flat, 170 MPa)
—KLBSC LV_pSC MMLPSC 0 P MPC MVL_PS: Fv_ps

EO released (%)
£0 released (%)

oad (ke)

L

s 8 EEEEESEEE

ponton) T eseneniom Figure 6. In-vitro release profiles of tablets of spray-dried products

Figure 3. F/d profiles from the compression of the placebo and at gastric (pH 1.2) and enteric (pH 7.5) simulated fluids.

EO-loaded spray-dried powders. Areas under the curve correspond to

the work of compression. Table 2. Weight loss on drying (LOD%) of solvent processed GRI/
LEU feeds and corresponding HME extrudates, together with solvent
residues in extrudates (mean values +SD, n=3).

Tabletability . Compactibility

Wall material Code MC (%) ps (g/cc)
; , Gum Arabic GA 9.7+0.21 1.414
g % : MD Kleptose® Pea high Mw KL 3.7+0.10 1.412
’ i MD Corn Tow Mw M 44003 1424
: | MD Corn medium Mw MM 45£0.02 1.407
B MD Corn high Mw HM  56+0.03 1.258
Figure 4. Tabletability and compactibility profiles for the KL_PSCand ~ Modified starch M5 5.6+0.02 1.479
KL_PLM placebo and EO-loaded products. Eudragit® L100 PLM  2.6+0.01 1.303
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Discussion & Conclusions

« PSC products gave lower yield due to the softer wall pro-
moting adherence to drying chamber’s wall. They also had
> 2x %MC than PLM due to their higher hydrophilicity. Me-
dian diameters were between 4 and 8 pm as expected for
small bench-type spray driers[2] (Table 2).

« Regarding % oil leakage (Table 2, last column), Kleptose®
maltodextrin products showed lower loss in both PSC and
PSC/PLM products, providing sufficient protection and ro-
bust microencapsulation of the EO. In all cases, the polymer
offers significant protection of the EO ingredients.

« ATR-FTIR spectroscopy (Fig. 1) revealed interactions be-
tween PLM and PSC that could be related to the favorable
binding of the polymer with the PSC leading to spherical SD
particles with coherent wall, retaining spherical shape and
smooth surface during spray drying (Fig. 2).

« There was no obvious effect of MD type on the work of
compression (Fig. 3). The higher Wc of PLM tablets is at-
tributed to the PLM presence forming a plastically deform-
ing particle surface. The increase of Wc due to PLM is more
profound in the EQ loaded tabletsy.

« From Fig. 4 increasing compression pressure increases
tablet strength. Except of sample KL_PSC_LO, all others
could form tablets at 125 MPa which is near the industri-
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ally applied pressure. The curves for unloaded powders are
convex but for the EO loaded they are concave implying
differences in the compaction mechanism.

« The presence of plastically deforming under compression
Eudragit in samples KL-PLM resulted in homogeneous tab-
let surface without boundaries (Fig. 5). Higher deformation
resulted in greater bonding area and higher tablet strength.

« In gastric pH SDP tablets of microencapsulated EO in PSC
wall gave complete release after about 60 min., whereas in
PLM wall suppressed the release to 40% after 120 min (Fig.
6). In enteric pH the release was completed after about 90
min for all products.

« Rapid and enteric release tablets of EO oregano were devel-
oped by encapsulating the EO in emulsions stabilized either
with PSC or a combination of PSC/PLM.
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Introduction

Dry powder inhalers (DPIs) contain a powder formulation, which
consists of an ordered mixture of micronized drug and larger
carrier lactose particles that are required to improve powder
flow properties. The patient’s inhalation through the device is
used to disperse the powder and to ensure that some of the dose
is carried into the lungs [1]. The particle size of active pharma-
ceutical ingredients (APIs) is normally up to 5 pm, but the size of
the carrier particles (usually lactose or glucose) can range from
approximately 20 to 65 pm [2]. Identification of the particle size
and morphology of such small APl particles in usually signifi-
cantly low content in the simultaneous presence of large carrier
lactose particles though, is considered a challenging task. The
commonly used analytical techniques such as optical microsco-
py and/or laser diffraction cannot be applied in the DPIs due to
the very low API particle size in the presence of the large carrier
particles that cannot be successfully distinguished.

Scope of the Study

In the current work Anoro® DPI was studied. Each inhaler
contains two double-foil blister strips of powder formulation.
Each dose contains umeclidinium 62.5 mg in one blister and
vilanterol 25 mg in another blister and it is used to treat
chronic obstructive pulmonary diseases. The purpose of this
work thus, was to identify, discriminate and measure the
PSD of the two different APIs in Anoro® DPI along with visual
observation of their morphology.

Methodology

Scanning electron microscope (SEM), which provides infor-
mation for particles even at nanoscale, coupled with Energy
Dispersive X-Ray Spectroscopy (EDX) was used based on the
ability of EDX to identify different unique atoms that each of
the components contains (Br for umeclidinium identification
and Cl for vilanterol identification).

Zeiss SUPRA 35VP SEM operating at 15 kV coupled with
EDX (Energy Dispersive X-Ray Spectroscopy) Quanta 200
(Bruker AXS) at resolution of 133 eV. A few milligrams of the
sample were placed in SEM holder. Approx. 5 small areas of
the sample were scanned for 15-30 min.

Results

EDX was adjusted to search for Bromide which is present only
in Umeclidinium Bromide API or Chloride for Vilanterol. This
resulted in visualized score maps with red pixels where the
intense bright red pixels corresponded to Bromide or Chlo-
ride presence respectively while the dark red pixels corre-
sponded to either Lactose or Magnesium Stearate presence
(Fig.1-2). Each red spot was then re- focused using higher
magnification and scanned using EDX to verify Bromide pres-
ence by its peak as in Fig.3 and check its morphology. The
same procedure was repeated until at least 50 API particles
were identified. Each API particle was finally calculated using
Image J software (Fig.4). The mean diameter of umeclidinium
was calculated at approx. 2.91 um while in vilanterol blis-
ter the respective diameter was approx. 2.09 um along with
their d10, d50 and d90 values (Table ).

Figure 1. SEM image of Anoro® Reference product (blister strips of
Umeclidinium bromide blend) at 1.06KX Magnification (left image)
and EDX microanalysis (right image).

$
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Figure 2. Visualized maps using EDX microanalysis.

Figure 4. Images of Anoro® Reference product (blister strips of Ume-
clidinium bromide blend) Lot: GU2P in original mode (left) and after
Image Analysis method (right) using 12.54KX magnification.

$

Table 1. Particle size measurements of Umeclidinium bromide and
Vilanderol particles measured from Anoro® Reference resulting from
the calculated area of each particle.

Umeclinidium Br

D(0.1) D(0.5) D(0.9) Mean Diameter
2.75um 4.60 um 7.30 um 291 um
Vilanterol Trifenatate
D(0.1) D(0.5) D(0.9) Mean Diameter
1.91 um 2.80um 4.30 um 2.09 um
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Introduction:

Green synthesis methods involving natural plant extracts
and juices have gained interest because of their eco-friend-
ly nature and potential uses in nanoparticle synthesis. Cop-
per oxide nanoparticles (CuONPs) have found applications
in a wide variety of fields, including pharmaceutics and cos-
metics, due to their unique properties such as antibacterial
and anti-inflammatory effects. In this study, we report a
green and sustainable method for CuONPs synthesis using
natural reducing agents. Juices from Pomegranate (Punica
granatum) and black chokeberry (Aronia melanocarpa) and
extracts from rockrose (cistus ladanifer), sea buckthorn
(Elaeagnus rhamnoides, syn. Hippophae rhamnoides),
and dittany (Origanum dictamnus), were used as reducing
agents for the synthesis of CuONPs. Conventional CuONPs
were also prepared using chemical reducing agents (ascor-
bic acid or NaBH4) and served as control. The synthesis
method was optimized regulating the experimental con-
ditions such as temperature, pH and volume ratio of reac-
tants. The synthesis of CuUONPs was monitored using UV-Vis
spectroscopy. The physicochemical characteristics of the
CuONPs (size and C-potential distribution) was estimated
using Dynamic Light Scattering (DLS) and Electrophoretic
Light Scattering (ELS) respectively. Their crystallinity was
characterized using X-Ray Diffraction (XRD). The physico-
chemical stability of the CuONPs aqueous distributions was
evaluated by storing them under several conditions and
monitoring their physicochemical characteristics weekly
for 30 days.

Methodology

The synthesis of CuONPs was achieved using CuCl,-2H,0
solutions (1ImM) and pomegranate juice or a solution of
chokeberry juice, buckthorn, dittany and rockrose. CuONPs

were, also, synthesized using conventional reducing agents
(ascorbic acid or NaBH4 for comparison. The CuUONPs were
synthesized under light at 60°C-80°C and pH was adjusted
at 12 using NaOH solution (10N). The reaction time was
60 seconds and after its completion the solution was cen-
trifuged in 12.000 rpm for 15 minutes. The sediment was
collected and dispersed in deionized water and the proce-
dure was repeated 3-4 times. The sediment was left in a
laboratory oven to dry for 24 hours and then was stored for
further analysis.

The formation of the CuONPs monitored using UV/Vis
spectrophotometry (UV-1800 UV-vis spectrophotometer,
SHIMADZU, Kyoto, Japan).

The mean size (average hydrodynamic diameter) and
zeta-potential of CuONPs was monitored by Dynamic
Light Scattering (DLS) and Electrophoretic Light Scat-
tering (ELS) respectively (Zetasizer, Nano ZS, Malvern
Panalytical, Malvern, UK). The samples were diluted in
WFI (sample/WFI 1:6 v/v) and measurements for each
sample were repeated three times at 25°C. TEM analy-
sis revealed the morphology of CuONPs, deriving from
different reducing agents. The crystalline nature of the
nanoparticles was determined by X-Ray Diffraction (XRD,
Bruker D8 Advance Diffractometer, Berlin, Germany) and
SAED patterns from TEM.

The stability of CuUONPs was assessed for a period of 30 days
by monitoring their mean size and zeta-potential at predeter-
mined time intervals (1, 8, 15, 22, 30 days after preparation).

Results

Nanoparticle synthesis monitored by UV/Vis spectroscopy
The UV/Visible spectroscopy results indicated the presence
of surface plasmon resonance peaks, at about 400nm which
are characteristic of metallic nanoparticles of Cu,0 (Fig 1).
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Figure 1. UV/Vis spectrum of the CuUONPs with different reducing agents.

Impact of the reducing agent on the physicochemical
characteristics of CuUONPs
According to Table 1, particles with smaller size and better
zeta-potential value were obtained from the reaction using
dittany as reducing agent.

Tablel: Physicochemical properties of CuONPs.

Reducing Mean size Pdl {-potential
agent (nm) (mV)
pomj‘fﬁ;”ate 23042348  0,334+0,04 28406
Chojﬁﬁgf”y 540£26,05  0261+004  -67.9+2,22
buckthorn 480+5,1 0,204 £ 0,04 -34,3+0,1
dittany 206 + 6,39 0,469+0,2 -29,3+ 2,42
rockrose 223+4,04 0,213+0,01 -26,4+0,65
NaBH4 320+ 17,32 0,250 + 0,035 -23,3+1,61

Stability study of CuONPs

The size and zeta-potential distribution of the CuONPs which
were obtained from reaction of different reducing agents
was monitored for 30 days. All the CuUONPs were stable dur-
ing the 30 days time period, expect from the CuONPs which
were produced using chokeberry juice (Fig 2, 3).
Crystallinity of CUONPs

The XRD results showed the presence of Cu,0 in the CuONPs
which were obtained by the reactions of different reducing
agents (Fig 4).
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Figure 2. Monitoring of size distribution of CuUONPs for 30 days. CuONPs
using pomegranate juice (M), chokeberry juice (M), buckthorn (M),
dittany (M) and rockrose (H).
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Figure 3. Monitoring of zeta-potential distribution of CuONPs for 30
days. CuONPs using pomegranate juice (M), chokeberry juice (M),
buckthorn (M), dittany (*) and rockrose ().
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Figure 5. TEM images and SAED Patterns of the CuONPs obtained by
pomegranate juice
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Morphology of CuONPs

The TEM images revealed the morphological differences be-
tween the CuONPs which are obtained in different reaction
conditions using pomegranate juice. The SAED patterns of
the CuONPs are also shown, which reveal the distance be-
tween the diffraction centers and prove the crystal structure
of the synthesized CuONPs (Fig. 5).

Conclusions
Our results suggest that pomegranate juice, chokeberry juice,
buckthorn, dittany and rockrose are promising candidates for
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the green synthesis of CuUONPs suitable for topical applications
in pharmaceutics and cosmetics.
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Npodpopa anoteAéopata tuxalionoinpévns, eEAeyxopevns pe placebo peAétns tns enidpaons
NAapaywywv ts Ka@eivns otn pikpotonoypagia tou H¢ppatos

Mapia Xpuooyiavvn®, Itapativa Mroafa®, Miduadns XaAikiasP, EAévn IkaAtedY, MavayouAa MadAou®s,
Owteiva MéAlou?, Inupidwv Manayswpyiou™®, AndotoAos Manadonoulos®?, EAévn KiviQiou®?,

Euotabios PaAAns®, ABavacia BapBapéoou®d *

Epyaotrpio Xnpeias-Bioxnueias-KoopntoAoyias, Tunpa Bioiatpikwv Ematnucy, Mavemotiuio Autikis Attikis 28 Ayiou Znupidwvos, GR-12243

ATunpa Aoyiotikis kar Xpnuatooikovopiknis lavemaotnipio Autikis Attikis 28 Ayiou Znupidwvos, GR-12243

VTopéas @appakoyvwoias, Tunpa Qapuakeutikns, EBviko kar Kanobdiotpiakd lMavemotnipio ABivas, Zwypapou, GR-15771

STopéas Aiabntikns ka1 KoopntoAoyias, Tunpa Bioiatpikawv Emotnuicy, Mavematrpio Autikiis Attikris 28 Ayiou Xnupidwvos, GR-12243

*YneuBuvos aAAndoypacias: ABavaoia BapBapéoou, avarvares@uniwa.gr

Eioaywyn

To aAkaAo€16¢s kaeivn, xpnolponoleital ta KAAAUVTIKA pie
10XUpIoHOUS: avTI-ynpavons, Peiwons tns KuTtapitidas Kat
TOU TOmKoU NAxous ka1 eEAAEIYNS TwV Paupwv KUKAWY Kai
TOU 0186NPaTos otV neploxn kdtw and ta pdua. Extés and
TV €AeUBepn HopN TS o€ okOVN, XPNOILIONOIOUVTAl Kal Ol
EVOUAOKWPEVES TNS LOPPES, TO00 O AINOOWHATA 600 Kal
o€ KukAode€tpives. To kitpivo aAkaAoeides, PepPepivn éxel
aVTIOZEIOWTIKES, AVTIPAEYHOVWOEIS Kal avTIIKPoBiakes 181-
OTNTES, EVW £X0UV avapepBel ka1 avTiynpavTikes 1010TNTES.

To aAkalogidés, mnepivn, @aivetal va augdvel v ev-
O00EPPIKN LETAPOPC TWV EVEPYWV OUOTATIKWY. Ta KOKKIVA
@UKN, AOYW TwV €€AIPETIKA NAOUOIWV l106pacTIKWY OUCTa-
TIKWV TOUS — PETAEU TWV onoiwv Kal aAKaAoEIoN- Napouat-
dlouv noikidous AeltoupyikoUs POAOUS Katd tnv avantuén
VEWV, «NPAoIVWV», KAIVOTOHWV KAAAUVTIKWV NPOTOVIWV.

Av ka1 n AINoAuTikn dpdon tns kageivns éxel peAeTnBel
OPKETA, 01 OXETIKES E TNV ENIGPAON TNS GTN HIKPOTONoypagia
Kal TV €AoTIKOTNTa Tou O£paTos 1010TNTES TS OV €XOUV
extevws diepeuvnBel. Avantigape Tis napakdtw uvOEoers:

20vBeon 1: o/w yaAdktwpa, ws placebo.

2UvBeon 2: H ouvBeon tou placebo dnou evowpatwBnkav
EVEPYA OUOTATIKG NOU MEPIEXOUV ANIMOCWUIKN Kapeivn, Bep-
Bepivn, mnepivn kar ekXUNIOUA KOKKIVWV (UKWV.

2UvBeon 3: H ouvBeon tou placebo 6rnou evowpatwOnkav
evepyd OUOTATIKA NMou NePIEXouV kapeivn o€ kukAodegtpivn,
BepPBepivn, mnepivn ka1 EkXUAIOHA KOKKIVGWV (UKGV.

MéBobo1
Ne€nxBn kAivikn peAétn-a&loAdynon 75 npepwy, s eni-
dpaons twv napandvw ouvBécewy otNV EAAOTIKGTNTA TOU
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d¢ppatos (Cutometer® dual MPA 580, Courage and Khazaka,
Cologne, Germany) ka1 otn Hikpotonoypagia tou deppatos
UYIWV €BeAoVTIQV pE BIOQUOIKES LETPNOEIS KABWS Kal e au-
ToagloAdynon.

H peAétn ntav tuxaionoingévn, eAeyxopevn pe placebo,
otnv onoia ouppeteixav 20 uyiels yuvaikes nAikias 35-60 €Twv.

Katd tis npwtes 30 nuépes (Odon 1) , 1o pod npdowno
unoPAnBnke oe Bepaneia pe placebo (1) kar to dAAo P06 pe To
AINoowIKG Npoidv kageivns (2). AkoAoUBnaoe éva idAeippa
15 npepwv pe to placebo (Odon 0) va epappodetal o€ 6A0 T0
NPOOWNNO, WOTE Ta ANOTEAéOHATA TNS ENdpevns @aaons (Odon
2) va pnv ennpeactolv and tnv enibpaon s XUvBeons 2.
Ma Tis endpeves 30 NpEPES, TO I0G NPOowWNo UnoPAnBnke oe
Bepaneia pe placebo (1) ka1 o dAAo 1od e To Npoidv kape-

fvns o€ kukAoOegtpivn (3). Ta mpoidvta epappoloviav duo

R6  Itwsoeractikd ninAiko

ZUvBeon 2
IUvBeon 1

0,4
03 30vBeon 3 ZovBeon 1
0,2

0

LIPOSOME PLACEBO CYCLODEXTRIN PLACEBO

W HMEPAO ®HMEPA 30 HMEPA 45 ®HMEPA7S

®don 1

Z0vBeon 1 p=0.004 HMO-30
I0vBeon 2 p=0.02 HMO0-30
®don 2

30vBeon 3 p=0.46 HM 45-75
30vBeon 1 p=0.004 HM45-HM75

Maypappa 1. MetaBoAn tou napdyovia R6 yia us Luvbéoeis 1, 2, 3 katd
™ OIGPKEIT TOU NEIPAUATOS.
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Mivakas 1. 01 cuvBéoels anodeixBnkav otaBepés aTn doKIacia TS EMTAXUVOLEVNS YNPAVONS Kal OTNV ANOTEAEGUATIKOTNTA TOU GUGTNLATOS
ouvtnpnons (E®). Guaikoxnpikn ataBepotnta -Emtaxuvopevn ynpavon LovBeon 2- Ainoowpiakn kapeivn (Evdeikikad).

KukAos °C pH Xpwpa Oopn AioBnon
los 4 55 NCC N P
25 55 NCC N p
45 5,45 NCC N P
20s 4 55 NCC N P
25 55 NCC N P
45 5.45 NCC N P
305 4 5,48 NCC N P
25 5,47 NCC N P
45 5,44 NCC N P
40s 4 5,48 NCC N P
25 5,46 NCC N P
45 5,44 NCC N P
50s 4 5,48 NCC N P
25 5,46 NCC N p
45 5,44 NCC N P
605 4 5,47 NCC N P
25 5,46 NCC N P
45 543 NCC N P
70s 4 5,45 NCC N P
25 5.44 NCC N P
45 5,42 NCC N p
80s 4 5,43 NCC N P
25 5,42 NCC N P
45 5,40 NCC N P
XPWHa NCC: xwpis aAAayn Xpwpatos aioBnon

SCC: eAappws aAlayn oTo Xpwpa
CCC: aAAayn oto xpwpa

oopn N: puaiodoyikn

M: eAa@pws aAAoIwpEVN

IM: unepBoAikd aAAoiwpEvN

@opés tnv npépa. Tis npépes 0, 30 (Ddon 1: 0-30), 45 (Odon
0: 31-45) ka1 75 (Odon 2: 45-75) €yvav o1 0pYavOAOYIKES
HETPNOEIS TNS EATOTIKATNTAS TOU O£PUATOS Kal TS NuéPES 30
ka1 75 o1 bokipaoies auto-a&loAdynaons.

Ta anoteAéopiata €€TGOTNKAV € NAPAPETPIKES KaI HN Na-
PALETPIKES OTATIOTIKES SoKIpaoies (paired samples t-tests kai
Wilcoxon tests).

Maxwpiopos Odoswv

IEwdes  Alaxwpiopds @doewv &l%ttéﬁ}::g:s
VN NS AMNOAEKTO
VN NS ATMOAEKTO
VN NS AMOAEKTO
VN NS ANOAEKTO
VN NS AMOAEKTO
VN NS AMNOAEKTO
VN NS AMOAEKTO
VN NS AMOAEKTO
VN NS ANOAEKTO
VN NS AMOAEKTO
VN NS ANOAEKTO
VN NS AMOAEKTO
VN NS AMOAEKTO
VN NS ANOAEKTO
VN NS AMNOAEKTO
VN NS ANOAEKTO
VN NS AMNOAEKTO
VN NS AMOAEKTO
VN NS ANOAEKTO
VN NS AMOAEKTO
VN NS ANOAEKTO
VN NS AMOAEKTO
VN NS ANOAEKTO
VN NS AMNOAEKTO

P: euxdpiotn aioBnan, €UkoAn endAgiyn

U: duodpeatn aioBnon, koAAwdNs, oxetikd GUOKOAN endAeIyn
VU: noAU 6uodpeotn aioBnaon, noAU koAwdns, GUokoAn endAenyn
NS: xwpis d1axwPIopG PACEWY

PS: diaxwpiopos pacswv

AnoteAéopata-Zudntnon:

01 ouvBéoels anodeixBnkav otaBepés otn dokipacia tns em-

TAXUVOPEVNS yNpavons kal otn GoKIPacia Tou ouoTthatos

ouvtnpnons-dokipaoia npdkAnons (Mivakes 1, 2).
EAaotikotnta: Mapdyovtas R6 -I€wdogAaotikd nnAiko:

R6=Uv/Ue O napdyovtas R6, 6nws @aivetar oto Aidypappa

1, perwBnke ka1 otis dUo @doels Tou nelpdpatos. Eidikdtepa,

67



io
Mavefnfirnvio

Mappakeutikd
2 UveEBpio

BIBAIO NMEPIAHWEQN

H MoAudidotatn Eniothpn tns ®apuakeutikns
EBvIk6 16pupa Epsuvmv - ABnva
16-17 Aekepppiou 2023

Mivakas 2: ANoteEAEOPATIKOTNTA CUGTAKIATOS GUVTINPNONS : XUvBeon 2- Aimoowpiakn kageivn (EvOeikTika)

Kpitnpia Movdoes Métpnon MéB0obos
L , . <100 cfu/gr (A)
ONikn pead@IAn xAwpida/total viable count cfu/g <10 ISO 21149:2017
<1000 cfu/gr (B)
) <100 cfu/gr (A)
Z0pes/Yeasts cfu/g <100 IS0 16212:2017
<1000 cfu/gr (B)
) <100 cfu/gr (A)
MUkntes/Moulds cfu/g <100 IS0 16212:2017
<1000 cfu/gr (B)
Escherichia coli AMOYZIA cfu/g AA IS0 21150:2015
Staphylococcus aureus AMOYZIA cfu/g AA ISO 22718:2015
Pseudomonas aeruginosa AMOYZIA cfu/g AA IS0 22717:2015

AA= Aev avixveuBnke, AvemBuuntes evépyeies : Aev avapepOnkav

otnv NPWIN @don peiwbnke katd 53,1% (P=.02) yia tn L0v-
Beon 2 kar kata 80,8% (P=.004) yia tn ZUvBeon 1.

2Tn 6eUtepn @don Tou Nelpapatos, o napdyovias R6 pel-
wBnke katd 9,4% (P=.46) yia th L0vBeon 3 ka1 katd 49,9%
(P=.004) yia 10 ZUvBeon 1.

X€ OAES TIS NOPANAVW NEPINTWOEIS, N peiwon tou napd-
yovta R6 unodeikviel al&non s eAaotikdtntas tou déppa-
T0S, Pa KA1 ANOTEAECUATIKOTNTA TWV LUVOEEWV. ZTATIOTIKWS
onpavtkd anoteAéopata napouaidouv o1 Xuvbéoers 1 kar 3
kaBws 10xUe1 6t P<0.05.

Mpddpopa anoteAéopata auto-agloAdynons eBeAoviwv
0dnynoav 0To cUPNEPACpa OT1 To OUPNAOKO Ka@eivns-kukAo-
de€tpivns (LUvBeon 3) éxel peyaAltepn anoteAsopatkdTnTa
and v AINoowpikn kageivn (Z0vBeon 2).

H 6noia 6iagopd peta&l tns auto-a&loAdynons Kal Twv
Bropuoikwy PETPNoswY fows va npenel va anodoBei otnv
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KaAUtepn uen tns oUvBeons kageivn oe KukAoOeETpivn
(X0vBeon 3), ka1 n onoia pnopei va ennpgace tnv auto-agl-
oAdynan.

AvemBupntes evépyeles anod v epappoyn Twv XuvBeoe-
wv Oev avapépbnkav.
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Introduction

Periodontitis results in the destruction of gingival tissue and
alveolar bone. Its primary etiological factor is biofilm dysbiosis,
resulted from bacterial accumulation.! Diabetes Mellitus is a
major risk factor for periodontal disease.? Experimental animal
models enable the study of its pathogenesis and the test of new
treatments. The aim of this study was to develop a simplified
and efficient model of gingivitis induction in both normal and
diabetic mice, mimicking the pathogenesis in humans.

Methodology

Animals

52 hairless male mice type SKH-hr2 were divided into 4 groups:
« non-diabetic mice without ligation (controls)

« diabetic mice without ligation

« non-diabetic mice with ligation

« diabetic mice with ligation

Induction of type 1 Diabetes Mellitus

Two consecutive daily intraperitoneal injections of 100 mg/
kg streptozotocin (STZ).

The obtained glucose levels were 500-600 mg/dl.

Induction of gingivitis
Ligation of the left maxillary incisor with the use of dental floss.**

Evaluation

1. Clinical assessment (scoring system)
Scoring system

Normal

Erythema

Erythema, oedema

W N = O

Erythema, oedema, bleeding on probing

2. Histopathological analysis

3. Photo-documentation

4. Periodontal Transepidermal Water Loss (TEWL)
5. Periodontal pH

6. Body weight

7. Blood glucose

RESULTS- DISCUSSION

Histopathological analysis of the periodontium

Non-diabetic mice without
ligation: no inflammation

Diabetic mice without ligation:
no inflammation

Non-diabetic mice with
ligation: severe inflammation
(aggregation of neutrophils and
lymphocytes)

Diabetic mice with ligation:
severe inflammation
(aggregation of neutrophils and
lymphocytes)
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Photo-documentation
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Week 1 Week 3 Week 5 Week 7 Week 9

Non-diabetic
mice without
ligation

Diabetic mice
without ligation

Non-diabetic
mice with ligation

Diabetic mice
with ligation

Clinical evaluation

Hp) ®; ) m3 Hyes HNo

Periodontal clinical evaluation,

based on the scoring system Presence of dental carries

Transepidermal water loss of the periodontium

30

20 1

10 4
Non-diabetic mice without ligation

Diabeticmice without ligation

mm Non-diabeticmice with ligation

1 mm Non-diabetic Diabeticmice with ligation
Mdptupes IAtonoul TMepideon EA tonou 1
& nepibeon

70

H MoAudidotatn Eniothpn tns ®apuakeutikns
EOvIKS 16pupa Epsuvav - ABhva
16-17 Aekepppiou 2023

pH of the periodontium

mm Non-diabetic mice without ligation
Diabeticmice without ligation

mm Non-diabeticmice with ligation

Non-diabetic Diabeticmice with ligation

Mdptupes IAtwnoul Mepibeon A tonou 1
& nepibeon

Conclusions

« Ligation of the maxillary incisors provided a successful and
easy method for the induction of gingivitis in mice, which
does not require any specialized equipment or surgical
procedure.

« Both normal and diabetic mice that received ligation developed
periodontal disease. Both could be employed as gingivitis
models.

» Ligation resulted in inflammation, erythema, oedema and
hemorrhage. An abundance of neutrophils and lymphocytes
was histologically identified in the periodontal tissue.

« Dental caries were obtained. This model could also be used
for experimental induction of dental caries.
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Introduction 7. Mice with 5% w/w Carrageenan gel
Burn healing is an ongoing scientific challenge and up to date 8. Mice with 10% w/w Carrageenan gel n=7 per treatment
there are no effective treatments.
Marine polysaccharides, especially ulvans and carrageen-  VALUATION
ans, have shown antibacterial, anti-inflammatory and immu- 1. Clinical Assessment- Photodocumentation
noregulatory properties 1,2, while few different studies have 2. Histopathological Evaluation
reported their beneficial effect on wounds' treatment 3-5. In 3. Transepidermal Water Loss - Sebum
order to optimize the treatment of burn wounds with carra- 4. Hydration
geenan and ulvan, gels with different doses of the polysaccha- 5. Skin Thickness

rides were tested in vivo. 6. Antera 3D
Materials & Methods 7. Fourier-transform infrared spectroscopy
ANIMALS

Hairless female mice type SKH-hr2 Protocol Number: Results - Discussion

775323/05-08-22 TRANSEPIDERMAL WATER LOSS OF THE PERIODONTIUM

BURNS
Metal stamp heated to 69 + 2°C 2nd degree burn

Day 6 Day 15  Day2l Day 23

Control

MARINE POLYSACCHARIDES
1 o ! Vehicle
b Sl
Ulvan ((:Ze:m /;Il;;ae ) ‘lAJD/MaIn 1.5%

080 o

i & 0, n‘a

3 a&/m Ulvan 5%
repeating unit  ox |, W /W

Carrageenan (Red Algae)

Ulvan 10%

w/w

TREATMENTS
1. Control gagfcz)gv‘j‘;cva”
2. Mice with 4% polyacrylamide, (13-14 isoparaffin and

laureth-7 (Vehlcle) Carrageenan
3. Mice with 1,5% w/w Ulvan gel o
4. Mice with 5% w/w Ulvan gel Carrageenan
5. Mice with 10% w/w Ulvan gel 10% w/w

6. Mice with 1,5% w/w Carrageenan gel
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4007 ——— [& CONTROL
3501 — [® VEHICLE
300 — [® ULVAN 1,5%
™ [ ULVAN 5%
2501 l [E ULVAN 10%
200- B CARRAGEENAN 1,5%
150 El CARRAGEENAN 5%
£ CARRAGEENAN 10%
100+
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1
0 T

day 6

day 15

day 21 day 23
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HEMOGLOBIN LEVELS

2.50-
225 —
2.00-
1.751
1.50-
1.25-
1.00
0.751
0.50
0.251
0.00

*p <0.05

day 15

day 6 day 21 day 23

HISTOPATHOLOGICAL OBSERVATIONS

\ehicle:
Severe inflammation

Control:
Moderate inflammation

Ulvan 10% w/w:
Moderate inflammation

Carrageenan 1,5% w/w:
Moderate inflammation

Conclusions

« Clinical and histopathological assessment and reduction
rate of the burn wound area showed that the 10% w/w
carrageenan gel significantly enhanced burn healing
especially at the early stages.

« At the later stages of burn healing, the 5%w/w ulvan gel
showed a significant effect.

« The gelling agent (polyacrylamide, C13-14 isoparaffin and
laureth-7) exhibited moderate topical toxicity.
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Ulvan 5% w/w
Mild inflammation

Ulvan 1,5% w/w:
Moderate inflammation
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Moderate inflammation
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Moderate inflammation
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Ta @appakeia s MNMpoauyikns Kokkivias

lpnyopns AykupaAibns

®appakorioids M.Sc., E-mail: Gregorios.agyralides@googlemail.com

Eioaywyn

(s Kokkivid avagépetar n nepioxn n onofa eival yvwoth on-
pepa ws Nikaia kar avikel oto Anpo Nikaias- Ayiou lwavvn
Pévin. Ztnv nepioxn auth eykataotadnkav Kupiws npoo@u-
yes o1 onofol katépBaoav ato Aipavi tou [Meipaid petd tn Mi-
KPQOIOTIKN KATAoTPo@n, Tov LentépBpio tou 1922.

H opydvwon, n otéyaon, n oftion kai n Npooappoyn otn
Véa Katdotaon ntav ol Baoikés npotepalotntes. MapdAAnAa,
0pyavwOnke Kar avantuxBnke N KOIVWVIKA, OIKOVOUIKA Kal
enayyeAuatikn wn. Autd nepiAdpBave kar tnv ibpuon kar Asi-
Toupyia @appakeiwv.

YAik6-M£060o6os

AvalntnBnkav otn PipAioypagia nAnpo@opies OXETIKA e Ta
(pappakeia s npoo@uyikns Kokkivids, Tous @pappakonoious
nou ta diatnpouoay, Tov EMTNUOVIKG, BECLIKG Kal KOIVWVIKO
TOUS POAO, Katd To Xpoviko didotnya and to 1922 pexpl ka
v nepiodo tou MeoonoAépiou.

AnoteAéopata

Katd tnv e€etaddpevn nepiodo, atnv Kokkivid Asitoupynoav
Ta @appakeia Twv Xap. AABavion (Aew. KopdeAiol), Bao.
Aoknth, Znup. BAaoiddn (0606s 22a), E. Bhoupidn, Zn. BoAo-

_

-
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vakn (Ldpbewv 32), Kip. kiouhiotavn (060s 8), I. Aiapavtidn
(ue v enwvupia «EBvIKOVY, Zwobddxou Mnyns 54), 6. lwav-
vidn (066s Ayiwv AvapyUpwv), Xap. Aeovudon, Maupopdt-
m, K. Mapouyka (Bnpwv 94), Mnevapdn, Mav. Mpouoaln, K.
MpouodAoyou (06065 ExeAidwv kar MukdAns), 2. Tonahidv kan
E. Xatdoénoutou (Mopykevtdou 7). LuvéBaAav onpavtikd otn
diatnpnon s uyeias kar oty avTIPETwmon Twv aoBeveiwy
ToU NAnBucopoy, nou paotidovtav anod T @UUATIwWoN Kal TS
YOOTPEVIEPIKES OIATAPAXES, EVW OTOV NAIdIATPIKG NANBUOLO
eppavidav €€apon Ta TPAXWATA Kal 0 OAYKEIOS NUPETOS, Ka-
Bws ta naidid portouoav o€ oxoAeia pe noAupieAeis aiBouoes
LE avenapkn uylelvi kar pe eAAepn kaBapou aépa. Mapdai-
Anha napeixav npwtopaduia nepiBaAwn kar npwtes BonBeies.
‘Evtovn Atav n 6paotnpionoinon Twv (appakonolwv o€ To-
MikoUs GUAAGYOUS Kal (popels Onws n npwtn Kovotnta npo-
opuywv Neéas Kokkivids (Aeovtiadns), o EBvikds LUAAoyos
Kokkivids (Aokntns), o ZUvoeapios MaAaids kar Neas Kokkivids
(Mapavtidns) kaBws ka1 o Modooaipikds OpiAos «Apnsy
Néas Kokkivids. Mépa and Bepata 6nws n e€ac@dAion adeiwy
Kal N aveyepon (appakeiwy, o1 cUAAoyor autoi aoxoAnBnkav
evepyd P TNV anokatdotaon Twv NPoo@Uywy, TNV KOIVOTIKN
opydvwaon, t H1eUBETNON TwV ToMIKWY UNoBEdewy, TNV aA-
AnhoBonBeia aAAd ka1 B¢pata 6nws N NApoxn MoTonoINTIKWY

— ]

T4 havoreepedovea gaopaxeia uag
Liipapoy Savexuapsbouy sl vy ndhy
pag ta ndtobt pappaxls

Muaglopdvng I “Agavecliy 28
Eadanilaxeg Moy, Say:oopy 92, sk
wdvog Mixanh B, Mepapylag, Koloxubdg
NixéA, Penovdy, 4, Piiotng *Ablayv, 'U
pripoy 4, Kapmaydvy b, Toapaded
*Admbidton, ligovomhss Kwvar, Moutso

nedhou- Ypntiel, Mapsuyna K. Oyliy
w4, Kagboovrg "Hr, Aliwhixad Biooale
viryg, dayapiadng Bnp. Zuvain, Apame
tofveg, Uaoyahldng Amp, SZavex, Tap
naupley, Totpfas Lywpyisg "Hegaow

Zbag, '"Aowipts Bag. Néa Bonwvid,
e —————————— .l

Eikova 1. Etos 1934: Aiavuktepetovia
(pappakeia oTnv eUpUTEPN MEPIOXN Meipaid

ka1 otn Néa Kokkivid

Ta havoreepedovea gaopaxeia uag
Lipspov Savexuipsbouy sl thy ndhy
pag s ndtobc peppaxslx

Muaghopdvng LI “AgavicOdy 28
Kahan{axas Moy, Zayioopy 02, ek
wévog Muxatd B, Megapxtag, Kohoxubdg| [

Nuxéh, Pamavky; 4, PiGotng *Abay, *0 | Bodeves élm
fipow 4, Kapmaydwy b, Toapalied | o 3
'Ahabidtou, Lpeuoadss Rwvar, Moutaa | [0
nethou- Ypntod, Mapouyxa K. Gybiy
94, Kapbolvrg "Hm, Aliwlixed Byaoake
'("a‘l Z‘X"‘“'ﬁ 0"‘- Zuyein, AF““I
tofiveg, Maoxahldng Amp, Sovax, Tap
nauplwy, Totpfeg Lwwpyieg  "Hegaoww
Ziag, 'Aowipts Bao. Néa Konund, ‘
e it

5 'Anbye Bravureprbour 1 ke

B gapilantia i adhidg pagt
Edoraflov Mexbhaog, o85¢ Xz« IS *
L bacupraxol 13, Ophavbos K. Zw. JURE I
i ‘mrs.mxvmqﬁ A A
Kaoons M. ‘Aylov BN
o0lij¢ A,

<

Exkdva 3. Etos 1937: Aiavuktepeliovia (pappakeia
otnv eupUtepn nepioxn Meipaid kar otn Néa Kokkivia

Eikova 2. Etos 1936: Aiavuktepeovia
(@appakeia otnv euputepn nepioxn Meipaid
kar otn Néa Kokkivid
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anopias ka1 n G1IEUKOAUVON TWV TOUPKOPWVWY NPOCSOUYwWY
Heow petdppaons (Tkiouhiotavns). Enions n Etaipeia Oidwy
Tou AaoU Kokkivids dieukdAuve dnopous aoBeveis va npopn-
Bevovtal pdppaka. 01 6pAoels AUTES NPOCEPEPAV OTOV NPO-
o@uyIk6 NAnBuopd s Kokkivids @appakeutikn nepiBaiyn,
aAAd ka1 OUVEIOEPEPAV OTNV AUTO-0PYAVWON TOU LE OKOMO
TNV anokatdotaon Kai TNV KOIVWVIKN ToU éviagn.

74

BIBAIO MEPIAHWEQN

H MoAudidotatn Eniothpn tns ®apuakeutikns
EOvIKS 16pupa Epsuvav - ABhva
16-17 Aekepppiou 2023

BiAoypagia

« Nwpyos AykupaAions. H Mpoo@uyoUnoAn Nikaia - Néa Kokkivid.
OoeAdtos. ABnva 2022.

« Kupiakn ManaBavaconoulou. Mpoopuyikn eykatdotaon otn Nikaia.
2UMoyol, Tautdtntes, Mvapn. Exkbdaoeis Aaivn. ABrnva 2023.

« H 10topia twv @appakeiwv otov Mepaid. MLP-BLOG-G-PSOT. 24
louhiou  2014.  https://mlp-blo-g-spot.blogspot.com/2014/07/
FarmakeiaPirea.html. MpooneAdotnke: 21 Nogpfpiou 2023.
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H 10topia tou eAAnvikoU @appakeiou anod tnv idpuon tou eAAnvikoU Kpatous

NavradoyAou EuayyeAia, XatdnnavAou Anpntpa

Qappakeutikn ZxoAn, ApiototéAeio lNavemotnipio Osaoadovikns, EBvikns Audvns 39, Osaoadovikn, EAAGSa

pantazog@pharm.auth.gr, hadjipav@pharm.auth.gr

Ercaywyn

« Avtikeipevo autns tns epyacias anoteAei n napouaiaon
NS 10TOPIKNS €EEAIENS TOU EAANVIKOU (PapAKEiOU PETA TNV
idpuon Tou eAAnVIkoU kpdtous. O NPWTaPXIKAs POAOS ToU
(@appakonoloy atnv €EUNNPETNON TOU KOIVWVIKOU GUVOAOU
OAAd Kal TOU apUaKEIOU WS XwPOoU ouvdBpoions kai
KOIVwVIKNS oudntnons, KaBlotolv to EAANVIKO @appakeio
€va ONPavTIKO OTOIXEID TS €AANVIKNS KANPOVORIAS Kat
doknons tns npwtofadpias gpovtidas uyeias diaxpovika.

MeBoboAoyia

« JTNV Npocgyyion tou Bepatos yia tn ouAAoyn SedopEVwV
xpnolgonoinBnkav  BipAloypagikés nnyés and v EBvikn
BiBhioBnkn, o Ynoupyeio Yyeias kar Mpdvoias, To Moppwtikd

TEEEEMNLLEE * &0 I
FPEXERU S S
I IEEEREES

ARl

Fewmana:

0daad 1adss.

16pupa s EBvikns Tpdnelos tns EAAGGas, and 1o
Oappakeutikd Mouaeio OeooaAovikns, and tov MaveAAnvio
OQappakeutikd ZUMoyo, 0€ ouvepyaoia pe Tous Katd
TOnous ouAAGyous kai and s BiBAI0BNKES TwV EAANVIKQV
navemotnuiwv.  QappakeuTikés  nePIodIkes — ekdOTEIS
£bwoav oTOIXElD y1a TNV KaBNPEPIVOTNTA TWV (PAPHAKEIWV.
H kataypagn twv @appakeiwv yivetar pe Paon tnv
EVOWHATWON TOUS 0T0 EAANVIKO Kpdtos. Katd tnv lMepiodo
tns EAAnvikiis Enavdotaons 1823-1831 evtonietal n
Aertoupyia pappakeiwv oto MeooAdyyr, oto Naunio, otnv
Métpa, otnv EppotnoAn LUpou, otnvYopa kar otov Mopo.
A%iCe1 va onpeiwBel 6T o1 pappakonolol cuveloEpepav
ongavtika otnv  Enavdotaon, 1000 Of EMIGTNHOVIKO
eninedo aAAd ka1 o€ aywvioTIKO

1. To npwto @appakeio ato NavnAio
(Pwroypapia and MeAondvvnaiakd
Aaoypagiké 16pupa,1960

Kwpaiou otn ZUpo

TRERERMILLE E ¥ & Sl

FERERU S0
hee9 4408

L el T]
Hiwaana:

Rdaad 1adss.

2. Eikdva ano 1o €0WTEPIKO TOU PapHaKEio

3. Owtoypagia anod to appakeio PagaAid
otnv’Ydpa (nepinou 1890, and tov
10TOTOMNO TOU PapHaKEiou

4. Eowtepikd @appakeiou (apxés 200U aiwva)
tou Ztapduiou Kpivou (nnyn Ta ABnvaikd)

5. Anoyn tou @appakeiou lepoAupdtoutnv
enoxn nou oteyaddtav atnv 066 ABnvas

6. Owtoypapia ano to pappakeio Mnakdkou
ano Tov 10TATONO TOU PapLaKeiou
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7. hagnpion otn “Néa AAnBeia” tou 1910
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8. To Oappakeio Zwypdpou dtav n 0d0s
Movaotnpiou ovopaddtav Eyvatia

H MoAudidotatn Eniothpn tns ®apuakeutikns
EOvIk6 16pupa Epeuvmv - ABnva
16-17 Aekepppiou 2023

EMAKRION

9. To pappakeio tou Nikou [aBpinA Mevidikn,
otnv 066 Eyvatia, nou ntav otéki
Aoyotexvav Kal {wypaewy. Itnv €i0060
d1aKpiveTal 0 Pappakonolds AoyoTExvNs
ka1 {wypdpos (e To naAto) padi pe 1o
ouyypagéa HAia Metpdnouio

7, 8. Avuikeipeva nou xpnoionoinBnkav oto papuakeio, onws Kataypaenkav kal puAdooovtal oto Oappakeutikd Mouoeio Osaoaovikns

Metd tn 6oAoovia tou Kanodiotpia oto NaunAio kai tov
EUEUAI0 noAepo o1 MeydAes Auvdpers enevéBnoav  ka
Opioav Baoiiid tns EAAGGas tov ‘0Bwva pe petagopd tns
npwtevouoas otnv ABnva to 1834. Ytnv ABnva 16pubnkav
NoANd appakeia nou éuevav yvwotd pexpr onpepa. To
1836 o Itapduios Kpivos, évas and tous kabnyntés tou
Mavemotnpiou ABnvwv 1dpuce appakeio otnv ABnva.
Enfons 1o 1860 Eexivael kal n 10Topia ToU Qapuakeiou tou
lepoAupdrou. Inpeio avapopds anotéAEos kal T0 PApHAKEio
Tou Mnakakou (1917).

« Itn Oeooalovikn, av kar autn Oev €ixe evowpatwoei
aKOpa oTo EAANVIKO KpATos enionpa Péxpr To 1912, unnpxe
EMnviké Oappakeio anod to 1887. Auth th xpovid 10pUBnke
(apuakeio ka1 @appakanoBnkn otn diaotalpwon Twv
odwv Eyvatia kar Ayias Xogias ano tov faBpinA Mevidikn.
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Tn Aeitoupyia tou @appakeiou ouvéxioe o Uids tou, Nikos
I. Mevtdikns, kal To appakeio ouvexidel tn Aertoupyia tou
OTIS PEPES HIaS.

«An6 t@ mo yvwotd appakeia s Beoocovikns
ntav 1o @appakeio Zwypdeou. O Zwypd@os @oitnoe
otnv KwvotavtivoUnoAn kal pETd eykataotdBnke otn
Oeooahovikn kar ibpuoe T0 @appakeio «Innokpdtns» otnv
000 Eyvatias (1891). Agicer va onpeiwBei du oe auto 1o
Qapuakeio aAAa ka1 o€ GAAQ, Tov ka1pd TOU aywva yivotav
Kal  OUVAVINGOEIS aywvIoTwV Kalr tuxaivav nepiBaiyns
TPAUPATIES NATPIWTES

Lupnepdopata

Katd ta npwta étn tns idpuons tou EAAnvikoU Kpdtous n
idpuon @appakeiwv dev anartouoe 101aitepes npolnoBeaers.
Ané to 1834 dpws ekdoBnkav Baoihikd Aiatdypata kai
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NePIOPIOLOT y1a TNV AOKNON TOU (PUPLIAKEUTIKOU ENAYYEALATOS
Kal avaAoya kal pe TNy eKA0TOTE NePInd0 OTO (PAPKAKEUTIKO
Topéa  eAn@Bnoav  didgopa  vopoBeTikG  pétpa  mou
diapdpewaav 1o nAaiolo Aertoupyias Tous. XapaktnpioTiko
s vopoBeaias s Aeitoupyias Twv @appakeiwv kar s
doknons Tou €nayyEALIATOS TOU (appiakonolol otnv EAAGSa
gival n pn kwdikonoinpévn s popen. BAémoupe dnAadn
ou o1 didpopes diatders eivar Gidonaptes o€ O1APOPa
vopoBetnpata oe BABos xpdvou Péxpr Kal onpepal.

BiBAioypa@ikés ava@opés
1. EAévn ZxaAtod: lotopia tns Oappakeutikns, ABnva 2015

BIBAIO MEPIAHWEQN

H MoAudidotatn Eniothpn tns QapUaKkeUTIKAS
EBvik6 16pupa Epeuvav - ABhva
16-17 Aekepfpiou 2023

2. EppavounA |, EppavounA: lotopia s Dappakeutikns,
ABnva 1948 3.Kwatoupos 6.: Bovigpdtios Bovapiv, Avanii
1979,0€A.48,59

4. Kpivos A: H AAnBivn EppoUnolis enaywyikws ...Mia dAAn
yvwpiia pe T 0pa, ekb.Aktiva-N.WiAdnouos 2005,

5. MauAidou Avuiyovn : Ta pappakeia twv ABnvav, ABrva 2022

Euxapioties

01 ouyypageis euxapiotolv 16iaitepa 10 OappaKeEUTIKO
Mouoeio Oeooadovikns, Tov [aveAAnvio  Oappakeutiko
2UAOYO Ka1 Tous Katd ténous Oapuakeutikous LUAAGYOUS yid
v unootnpign kar BonBea.
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EBvIk6 16pupa Epsuvmv - ABnva
16-17 Aekepppiou 2023

0 poAos Tou pappaKonolou atn H1axeipion TOU KAPKIVIKOU NOVOU

Eudyyelos Ahépns, Itapatia lkapdvn - Manaddtou

[Mavematriwo Autiknis Attikns, Tunpa loAiikwv Anpdoias Yyeias, Aewpdpos AAe&dvopas 196, 11521 ABrva, email: ealiferis@yahoo.gr

Eioaywyn
0 kapkivos e€akoAouBei va anoteAel pia anod tis npwtes arti-
€s Bavdtou anapiBuwvtas nepinou 10 ekatoppUpia Bavatous
10 2020 pe éva ano ta peyaia npoPAnPAta oTiS NEPINTWOEIS
kapkivou va gival n anoteAeopatikn d1aXeipion Tou KapKivi-
KoU novou.

Ltoxos

H noAunAokdtnta Twv onpePIVV EMONIOAOYIKWY Kal (ap-
HakoAoyikwv O6edopévwv otn Bepaneia oykoAoyikwv aoBe-
VOV, anaitel eupeia ouvepyaoia petagl twv KAGdwv npos
dpeos Tou aoBevous Kkal Npos 6@eAos s Anpdaoias Yyeias.
2Komnos autns s PeAETNs eivar va diepeuvnael, va evionioel
kal va nepiypdyer nws o1 ®appakonolol €101KGTEPA PNopouV
va oupBdAouv otnv anoteAsopatikotepn diaxeipion Tou Kap-
KIvikoU névou, 6edopévou dul eivar mo eUkoAa npoofBdaipion
anod tous aoBevels kal TS NEPIOOOTEPES POPES OE ApEDN OU-
vepyaoia pe 1aTpikd kal VOONAEUTIKO Npoowniko. H peAétn
OIEPEUVA TIS TPEXOUOES TATEIS Kal TN onpacia Tou poAou Tou
(pappaxkonoloy otn diaxeipion twv omogidwy, otnv eknaideu-
on, TNV €EATOUIKEUPEVN PPOVTIO, TA (PAPAKA EKTOS EVOEige-
WV KaI TIS VEES TEXVOAOVIES.

MeBoboAoyia

‘Eyive avadhtnon otn Bdon debopevwy PubMed. MeAgtes nou
dnpootelBnkav petaéU 2000 ka1 2022 oupnepAngBnkav
XPNOILONOIWVIAS TIS akOAoUBES Ae€eis-kA€101d: (pappako-
noids, avakoU@ion and tov névo, Napnyopntikn @povtida,
daxeipion Novou, kapkivos, MPOXwWPNHEVO Kal TEAIKO 0TddIo,
vées texvohoyies, off label. H y\waoa avadhtnons kal n yAwo-
00 TwV NNywv kaBopiotnkav ota ayyAikd.

AnoteAéopata

H nAgiovatnta twv peAetwv nou diepeuvnBnkav divouv pga-
on oTov OIEMOTNKOVIKO KAl NYETIKO POAO TwV (PAPHAKONOIWY
otnv npoonadeia kaAutepns diaxeipions Tou Kapkivikoy no-
VOU K01 Napoxns KAAUTEPNS NOIGTNTAS NAPNYOPNTIKAS (PPOVTI-
0as. LUP@WVa PE QUTES TIS PEAETES, Npénel va avantuxBolv
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NOAITIKES 0TIS OMoies 0 pappakonolds Ba npenel va eival ava-
nooNacTo PEAOS TS HIEMOTNHOVIKNS opddas

MoAAEs peAETes emonpavav enions OTi 01 pappaKonolo npé-
nel va avantugouv évav 181aitepo poAo Péow TS eknaideuons
ota Bgpata Twv omoeIdwy Kal TS NAPOXNS PAPHAKWY OTOUS
aoBevels. TéAos, Aiyes peAétes €01Eav Tnv avdykn Twv @appa-
KomnolwV va U10B€TNO0UV VEES TEXVOAOyies kal va a&lonoinoouy
NepatéPW TS SUVATATNTES €€ATOMIKEUPEVWY Bepaneicov nou
@aivetan va givar n kupiapxn tdon yia To PEAAOV.

Katnyopionoinon twv ApBwv

= Aiemaotnpovikés PoAos B O¢uata Omog1dwv

Exnaideuon | Oépata Extos Evdeitewv

| Mpoownonoinuévn Oepaneia

Lupnepdopata

Auth n peAétn emBeBaicover th onpaoia tou poAou Tou Qap-
HakonoloU otn diaxeipion tou kapkivou tou névou. O au-
Eavopevos apiBuds OXeTIKwY ONUOOIEUOEWY  AMOKAAUMTEI
HeyaAUtepn euaioBntonoinon tns emMoTNUOVIKAS Kovotntas
npos autn tnv katelBuvon oe oxéon e €vav NAnBuopd nou
HeyaAwvel NAIKIGKG ka1 €xel peyaAUTepn kal HaAiota xpovia
avdykn yia avakoU@ion ano tov novou. AnodeikvUetal 0t 0
€101k0S POA0S TWV Pappakonolwy UloBeteital 6Ao kal nepio-
00TEPO O€ KAVIKES ka1 Eevaves. Anarteitar npdoBetn €peuva
npokelpévou va BeAtiotonoinBolv o1 tpdnor Kar va avantu-
xBoUv NoAITtIkES Nou Ba EMTPEYOUV OTOUS (PAPHIAKONOIoUS Va
yivouv avandonaoto pépos tns 6ANs diadikaaias.
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BipAioypagia 3. Maleki S, Alexander M, Fua T, Liu C, Rischin D, Lingaratnam S. A
1. Jul;23(7):1123-1142. doi: 10.1016/j.jpain.2022.02.002. Epub 2022 Systematic review of the impact of outpatient clinical pharmacy
Feb 10. PMID:Van Beek, K., Siouta, N., Preston, N., Hasselaar, J., services on medication-related outcomes in patients receiving

Hughes, S., & Payne, S. et al. (2016). To what degree is palliative an'.[icancer therapies. J Oncol Pharm Pract. 2019 Jan;25(1):130-139.
care integrated in guidelines and pathways for adult cancer patients doi: 10.1177/1078155218783814. Epub 2018 Jun 25.PMID: 29938594.

in Europe: a systematic literature review. BMC Palliative Care, 15(1).  Oliveira CS, Silva MP, Miranda [KSPB, Calumby RT, de Aradjo-Calumby
doi: 10.1186/512904-016-0100-0 RF. Impact of clinical pharmacy in oncology and hematology centers:

: - . o A systematic review. J Oncol Pharm Pract. 2021 Apr;27(3):679-
2. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, Moher D, . .
Peters MDJ, Horsley T, Weeks L, Hempel S, Akl EA, Chang C, McGowan J, ?2?6;;;’4110'1177/ HOAT A0S T30, (311D 2020 [Ise 20, (A1
SRR RETEL, AldcrgftA, UiEe] MG,'Garrltty C,.Lewm ! G e 4. Shrestha S, Kc B, Blebil AQ, Teoh SL. Pharmacist Involvement in
(M, Macdonald MT, Langlois EV, Soares-Weiser K, Moriarty J, Clifford T, : ) . .
= . . . Cancer Pain Management: A Systematic Review and Meta-Analysis.
Tuncalp O, Straus SE. PRISMA Extension for Scoping Reviews (PRISMA- ] Pain. 2022 35151871
ScR): Checklist and Explanation. Ann Intern Med. 2018 Oct 2;169(7):467- an. :
473. doi: 10.7326/M18-0850. Epub 2018 Sep 4. PMID: 30178033.
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Mdpketivyk cupnAnpwpdatwyv diatpogns: Mia fifAloypagikn avackonnon

Zaxapias ManavikoAdou'*, AndctoAos MoUAas?

Anuokpiteio Mavematrpio Opdkns, Turua Aypotikrs Avdmtuéns, Opeatidéa, EAAdba

2Anpiokpiteio Navematruio Gpdkns, Tunua Aypotikns Avdntuéns, Opeotidba, EAAdba

*YneuBuvos auyypagéas: anavikoAdou Zaxapias, 6978060873, zpapanik@agro.duth.gr

Erocaywyn

Ta oupnAnpwpata diatpoEns avagépovtal ae onoladnmnote
ouoia nou AauBdvetar emnAéov NS KAVOVIKNS TPOPNS, Ne-
piAapBavovtas kupiws Preapives, pétaa, apivo&éa kar api-
vogea, €vqupa, @uTIKG ekxuAiopata k.a. Agdopévou ot eivan
Bl1o6paoTIKES ouaies, evéxouv enopevws kivouvo avemBupn-
TV napevepyeiwv. Ta tpia tétapta twv Kavadwv Aappavouv
OUHNANPWHATA Kal évas OTOUS TPEIS Ta Xpnolyonolel kabe
pepa. H buvapikn o€ eninedo kePOOUS QUTWV TwV NPOTOVIWY
efval noAU onpavTikn yeyovds nou avadeikvuetal kal and 1o
EVOI0PEPOV TWV EPELVNTWV VA AVAAUOOUV NapdyovTes nou
€NNPEACOUV TO PAPKETIVYK QUTWV TWV NPOIOVIWY. XKOMos s
napouoas epyaoias eivar va avadei&el to ouykekpipevo Zntn-
O PEoW pias PIBAIOUETPIKNS avaAUoNs.

MeBoboAoyia

la ™ xphon tou Aoyiopikou VOSviewer anartolvtar 6gdopie-
va, Ta onofa pnopei va avaktnBolv andé unnpeaies eupetnpi-
aons (indexing services), onws 1o Scopus, o Web of Science
KTA. 2Tn napouaoa @appoyn tou Aoyiopikou VOSviewer xpn-
olgonoinBnkav dedopéva ta onoia avaktnBnkav and tnv unn-

lung fanction
i tbrogs
diatghea WAIOS ife
body weight
° diet ther:
cligic@trial ® Mk Wy_
© mest anial

gastrointestinal symptom
testosterone SAOI ®
doping”
druggfrect E‘W"_nbnwaw | G
¢!
LB Gigums sdoscent i mortality
0" il |

®e dv:gio‘\u\angn fat intake

anipalé calorigintake
v

¢« OO ® &
druguse TBtritiond)suppo 8¢ ~~‘l’reaner.=u!:m: - Bei.ic
. : foodiintak -
gy O @ e ?f‘ e UG status®
o drug ting oL % physiology
. =0 *o“ 2 bai® %%
drug legilacBh qualiigont © ey (rACEemany
ey b oo infant
© herbal Y i emal
s e:,a.e‘(lne. 'ﬁ"m.ly» L i tritiongisord

e ey W Cghild@iriion. 6
o oW & SRS s O I NE
gnitedlstates © foodsatery © ST
@S  J
4 o1 S
o [ = cutop n
united states @od ang drug 480 _ &
‘eg‘sla*ﬂgw &d.w:gvc“hgm mtio% ©_ggpnomics
. = ® bevgas health
consumeghedih formation & L s °
oo health @eBolicy

ethi
advertising

developing country
developingcountries
primary health care

financial management

&VOSVlewer

peaia eupetnpiaons Scopus. O1 AEEels - KA€101G Mou xpnaipo-
nonBnkav ntav o1 «marketing», «nutritional supplements»
WOTe va yivel e0peon Tous aTous TITAOUS, TIS NEPIANYEIS Kal
TS A€€els - kAe1d1d twv avtiotoixwv dnpoaietoswy. H avadn-
TNON £YIVE XWPIS Kaveva Xpovikd NepIopIoNo og OAO TO EUPOS
avadnTnons TS OUYKEKPILEVNS NAATPOPHTS.

AnoteAéopata

YUVOAIKG €€nxBnoav 313 dnpooievoels and tnv Bdon
dedopévwv tou Scopus yia tnv nepiodo avadntnons 1977
€ws ka1 2023. Tnv teleutaia dekaetia eixape ouvolikd 143
dnpoaoieuoes oe ouykpion pe v nepiodo 1977 €ws kai
1987 nou eixape poAis 2. Me tn Xpnotn ToU AoyiopikoU
VOSviewer, onpioupynBnkav o1 €@td ouotddes e
Bdon tnv katnyopionoinon Ttwv AEEEWV-KAEIDIWV TWV
dnpooieloswy. H ouotdda 1 nepiéxer Ae€eis-kAe161a nou
oxetidovtar pe Tov aBAnTIopd, N oUOTAOA 2 NEPIEXET LIE T
{wa ka1 ta avtiogeldbwTikg, n ouotdda 3 pe Ta 1XVooToIXeiq,
n ouotada 4 pe tnv H1aTPOPN TWV PWPWY, N ouotdda 5 pe
T0 OwaTIKG BApos ka1 n ouotada 6 e tov dvBpwno. TéAos,
n ouotdda 7 nepiexel Ae€eis-kAe161a nou oxetiovtal pe Ty

$& vosviewer

Ixnpa 1. Ontikonoinon diktuou dedopévwy TwV 44 Mo GUXVE XpNOTLONOIOULEVWY AEEEwV — KAEIBIGOV e T BornBeia Tou AoyiopikoU xaptoypd-

¢nons VOSviewer
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BIBAIO MEPIAHWEQN

Ixnpa 2. Onukonoinon diktiou 6edoPévwy TwV Mo NAPaywWYIKMOV
XWPWV 0€ EMOTNHOVIKES dnooieloEls pe Tn PonBeia Tou Aoyiopikou
xaptoypapnons VOSviewer (ontikonoinon diktdou).

H MoAudidotatn Eniothpn tns QapUaKkeUTIKAS

EOvikd 16pupa Epsuvav - ABhva
16-17 Aekepppiou 2023

EMOTAPN TNS H1ATPOPNS Kal To kaBnpepivd diaitoAdyio tou
avBpwnovu.

Avagopés:
« [anavikoAdouZ., ToUAasA., (2023). Aiepelvnon e€aywYIKWY

dpaoTNPIOTNTWY Of TPOPILC NOU NPOEPXOVTal and ta ddon.
210 MaveAvio Aacoloyikd Zuvédpio. Aoutpd Aibnyod,
22-25 Oktwfpiou

« Fish, G., & Lord, D. (2023). Nutritional Marketing. In
Nutrition Science, Marketing Nutrition, Health Claims, and
Public Policy (pp. 135-152). Academic Press.

« Masten Rutar, J., Jagodic Hudobivnik, M., Necemer, M.,
Vogel Mikus, K., Arcon, 1., & Ogrinc, N. (2022). Nutritional
quality and safety of the spirulina dietary supplements sold
on the Slovenian market. Foods, 11(6), 849.
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Aiaxeipion tou unogitiopou Km cupnAnpwpata diatpogns. Mia Biropetpikn avaAuon

Zaxapias ManavikoAdou'*, AndctoAos MoUAas?

Anuokpiteio Mavematrpio Opdkns, Turua Aypotikrs Avdmtuéns, Opeatidéa, EAAdba

2Anpiokpiteio Navematruio Gpdkns, Tunua Aypotikns Avdntuéns, Opeotidba, EAAdba

*YneuBuvos auyypagéas: anavikoAdou Zaxapias, 6978060873, zpapanik@agro.duth.gr

Eoaywyn:

0 unootiopos eival éva @aIVOUEVO aVNOUXNTIKG OTIS ave-
MTUYHEVES XWPES, HE aVAPEPOLEVO EMNoAacpd 9-55% peta-
€U twv evnAikwv oto voookopeio kar nepinou 10% o€ dto-
Ha pe xpovies aoBéveles. O unoomiopos eivar buvnuikd pia
ooBapn emnAokn nou oxetiCetal pe auénpévn voonpdtnta,
Bvnoipdtnta ka1 augnpévn didpkeia Napapiovns oto VOOOoKo-
pefo. Xtnv napouaoa €peuva napouoiadetal pia PIBAIOUETIKN
avaAuon avadeikvuovtas To eVOIaPEPOV TwV EPEUVNTWY OF
Bépata daxeipions unooitiopoU Kal cupnAnpwpdtwy diatpo-

ons.

MeBoboAoyia:

Ma T xpnon tou Aoyiopikou VOSviewer anartouvial dedopéva,
ta onoia pnopei va avaktnBoUv and unnpeoies eupetnpiaons
(indexing services), 6nws to Scopus, To Web of Science KTA. Zn
napouoa eappoyn Tou Aoyiopikou VOSviewer xpnoiponoindn-
kav debopéva ta onoia avaktnBnkav and v unnpeoia eupetn-
piaons Scopus. O1 A€e1s - kAe1G1d mou xpnatponoiNBnkav Atav o1
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IS!L VOSviewer

«malnutritiony, «nutritional supplements» wate va yivel elpe-
0N TOUS OTOUS TITAOUS, TIS NEPIANYEIS Kal TIS AEEETS - KAEIOIG TwV
avtiotoixwv dnpooieloswy. H avaditnon eyive xwpis kaveva
XPOVIKO MePIOPIOKd o€ OA0 TO €UPOS avadhTNONs TNS CUYKEKPI-
HEVNS MAQTQOPLAS

AnoteAéopata:

YUVONKG €€nxBnoav 4.096 dnpooieloels and tnv Bdon Oe-
dopevwy tou Scopus yia tnv nepiodo avadntnons 1945 ws
kar 2023. Tnv teAeutaia dekaetia eixape ouvoAika 2.306 dn-
Hooieuoes oe oUykpion pe tnv nepiodo 1945 €ws kar 1955
nou eixape POAIs 4. Me tn xphotn tou AoyiopikoU VOSviewer,
dnpioupynBnkav o1 névie ouotddes pe Bdon tnv katnyopio-
nofnon Twv AEewv-kAEIBIwV Twv onpoaieloewy. H ouotdda
1 nepiexer Aé€eis-kA€1010 nou oxetidovtar pe o&eia aoBévelq,
N 0UOTAdA 2 NEPIEXE HPAOTNPIOTNTES TNS KABNUEPIVOTNTCES, N
ouotdda 3 e Ta apvogea, n ouotada 4 pe Tous avtifiotikous
napdyovtes. TéAos, n ouotdda 5 nepiExel AECeIs-KAEIDIG nou
oxetidovtal Pe T0 0WHATIKO BApos ka1 TNV EVEPYEIQ.

gg VOSviewer

Ixnpa 1. Ontikonoinon G1ktUou debOUEVWY TwV MO GUXVA XpNOTHONOIOUHEVWV AEEewV — KAE101WV pie Tn BonBeia Tou AoyiopikoU xaptoypdenans

VOSviewer.
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Ixnpa 2. Onukonoinon diktiou 6edoPévwy TwV Mo NAPaywWYIKMOV
XWPWV 0€ EMOTNHOVIKES dnooieloEls pe Tn PonBeia Tou Aoyiopikou
xaptoypapnans VOSviewer (ontikonoinon diktdou).

EOvikd 16pupa Epsuvav - ABhva
16-17 Aekepppiou 2023

Avagopés:
« [TanavikoAdou Z., ToUAasA., (2023). Aiepelvnon e£aywYIKWY

dpaoTtnpIoTNTWV 0€ TPOPIUA Mou NpoépxovTal and ta ddon.
210 MaveAAnvio AaocoAoyikd Xuvedpio. Aoutpd Aidnyou,
22-25 Oktwppiou

« Outerbridge, C. A., & Owens, T. J. (2023). Nutritional
management of skin diseases. Applied Veterinary Clinical
Nutrition, 345-383.

« Zyoud, S. E. H., Shakhshir, M., Abushanab, A. S., Koni,
A., Shahwan, M., Jairoun, A. A., & Al-Jabi, S. W. (2023).
Bibliometric mapping of the landscape and structure of
nutrition and depression research: visualization analysis.
Journal of Health, Population and Nutrition, 42(1), 1-13.

« Dent, E., Wright, 0. R., Woo, J., & Hoogendijk, E. 0. (2023).
Malnutrition in older adults. The Lancet.
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01 aywves HpOOU Kal 01 CUPHETEXOVTES WS EEEIOIKEUPEVES AYOPES YIa TA TOMIKA

aypodiatpo@ika npoiovta

Zaxapias ManavikoAdou'*, AndotoAos MouAas?

! Anuokpiteio lNavemotnuio Gpdkns, Tunua Aypotikns Avdntuéns, Opeotidda, EAMdba

2 Anuoxpiteio Mavemotripio Bpdkns, Tunpa Aypotikis Avdntuéns, Opeotidda, EAMdba

*YneuBuvos auyypagpeas: anavikoAdou Zaxapias, 6978060873, zpapanik@agro.duth.gr

Eioaywyn

Ta teAeutaia xpdvia o1 aywves dpopou kar o1 aBAnTIkES diopya-
VWOEeIs padikol Xapaktnpa yvwpidouv peydAn avdntuén nayko-
Opiws aAAd ka1 otn xwpa pas. MoAAot EpEUVNTES £xoUV EAETNOE
Kal Mapoucidoel TN OUHBOAN TwWV aywvwv 6pdpoU otV TOMKN
OIKOVOWia Ka1 avantuén Twv NEPIOXWY NOU 10pYavVoUV Kat @i-
Ao&evouv Tetolou €ibous aBANTIKES diopyavwaers. LUPPwVa Le
tous [ouAa A., Mannd M., ka1 Ogodoaiou I, (2017). Ta véa pove-
Aa avanTtuéns Tis TEAEUTaiES OEKTETIES €xouv Yivel o Nupnvas pias
peydAns npoondBeias yia PiwoiudTnTa Kal OIKOVORIKA avantugn.
Eivan enions kpioipo yia ta véa HoVIEAT va EQappHOCoUY TNV KO-
VWVIKN MTuxn KaBws kar Ty oIkovopikn mtuxn. Auto pnopel va
emteuxBel Bewpwvias ws kpiolpa epyaeia yia v avdntuén,
oV NoAItiopd kai TV aBAnTikn dpaotnEIdTNTa, o€ oUVOUAOHO e
TNV 10TOPIKN PVALN TwV SIAQOPWY apIwV.

EpyaAeia acuikns avantuéns

EmnA¢ov, auto €ivar apketd yvwoTd o€ NpoypaupaTa aoTikns
avanAaons oTis PeyaAes eupwnaikés noAels. Autos eivar vas
ano Tous KUPIous AGYous Yia Tov MOAITIONO 0 oUVOUAOHO e
TS TOMKES aBANTIKES eKONAWOEIS Kal HpaoTNPIOTNTES Va Bew-
pouvtal epyaAeia aotikns avantugns. MapaAAnAa, PEAET@VTAS
T0 NPo@iA Twv avBPWNWV NOU CUUHETEXOUV OTOUS CYWVES
dpOdpou napatnpei kavels Ot TpEpoval uyigVa Kal NPOCEXOUV
™ diatpon Tous, evw eivar diateBeipévor va Eobéwouv nepio-
00TEPA Y10 Va anoKTNOoUV aypodiatpo@ikd npoiovIa UYnAns
diatpoikns aias, napadooiakd kar yeuotikd. H onpacia s
MoIOTNTAS TWV MPOIOVIWV EXEl ONLIOUPYNOE! pia NayKOoLIa
Tdon otn diatpoen, BonBwvtas otn dnpioupyia pias eEaIPETIKG
QVTAYWVIOTIKNS ayopas TPOQIpwy. H ntuxn tns noiotntas kai
TOU TOMOU Napaywyns eival éva povadikd NAEOVEKTNHA yid TN
d1aTNPNON TS NAYKOOKIAS AVIAYWVIOTIKOTNTCS.

MpoéAeuon twv tpo@ipwy
01 katavoAwTés, Ta TeAeutaia xpovia, evdiapépovtal 6Ao Kal
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NEPIOOTEPO YIa TNV MPOEAEUON TwV TPOPILWV OX1 IOVO Yia Ad-
YOUS Uyeias aAAd ka1 yia E0wTepIKn avaykn va 1Kavoromnoouy
NV EMEPN «NPWTOTUNWVY» Kal «Napadooiakwyy YEUoEWY Kal
yeUoewv s kaBnpepivotntds tous (Bgodoaiou I7, TouAas A., kai
Duguenne M. N., 2017) ka1 GeUTEPEUOVTWS YIa TNV UMOOTNPIEN
NS NpooTacias tou NePIBAAAOVTOS Kal TS diatnENons s Bionol-
KIAOTNTaS atov Tono napaywyns. H naykdopia tdon nou éxel n-
Kpatnoe! yUpw anod Ty Tunonoinon Twv aypotiKwV NPoiovIwy
€X€1 ONPIOUPYNOET LIa VAAAGKTIKN TAoN anotipinons kan katavd-
AWONS TUMIKWVY NPOIOVIWV LI1aS MEPIOXNS. L€ QUTA T TUMIKA NPO-
VT, N KOIVWVIKN QUPLIETOXN Kal N noidtntd Tous Bewpeitar ot
EVIOXUOUV TNV OIKOVORIKN pactnEIOTNTa Kal PnopouV va anote-
Aé00UV QVTAYWVIOTIKO NAEOVEKTNA OTIS EYXWPIES Kal OleBvels
ayopes (Goodman 2003; Bowen and Mutershaugh, 2014).

NATIONAL,
REGIONAL. LOCAL
ECONOMY

IMPORTANCE
OF FAMILY

FARMS

Ixaga 1. H onpavukétnta Twv TomKwv npoioviwv ((Source:
processing according to FAQ, accessed 10 February 2023).

Avagopés:
« Bowen S., and Mutersbaugh T., (2014), ‘Local or localized?

Exploring the contributions of Franco-Mediterranean agrifood
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theory to alternative food research’, Agriculture and Human
Values, Vol. 31(2), pp. 201-213.

« Goulas A., Pappa M., and Theodossiou G., (2017), ‘A novel local
development model paradigm: The case of Ippokratios race’, 3rd
Conference Changing Cities: Landscape & Socio — economic
dimensions, Syros Greece.

« Theodossiou G., Goulas A., and Duguenne M.N., (2017),
‘Defining factors of consuming local nutrinional products: New
consuming behaviours', European Regional Science Association
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H MoAudidotatn Eniothpn tns QapUaKkeUTIKAS
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(ERSA) 2017 - 29 August - 1 September 2017, Groningen, The
Netherlands.

« Hardy, I. G. N. W., Mahayasa, I. N. W., Arsa, I. G. B. A., Fanggidae,
L. W., & Tualaka, T. M. C. Consumer preferences on the kiosk
model of dryland agricultural products in east Nusa Tenggara.

« Mao, Y., & Wang, S. (2023). Recent developments in radio
frequency drying for food and agricultural products using a
multi-stage strategy: A review. Critical Reviews in Food Science
and Nutrition, 63(16), 2654-2671.
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0 poAos Tou @appakonoiou atnv ouyxpovn dopn tns @appakofiopnxavias

lewpyros TaroUpas**, AAe€avopa Maupopdin®, Mapyapita Ntavtapn®, Katepiva Manata&idpxou?

“Chinical Operations, latpikd Tunpa, Elpen Pharmaceutical Co. Inc.

b@appiakeutikn XxoAn Emotnpcv Yyeias, EBviko kai Karodiotpiako lMaveratrpio ABnvwv

*Corresponding Author: [€wpyios Taiodas, +30 6980017384, gtsioumas@elpen.qgr

Ikonos

0 pdAos Tou pappakonoloy aTny cUyxpovn dopn TS papua-
Kopiounxavias eivar opoloyevns oe naykoopio eninedo. Mba-
VOV va noikiAer avéAoya pe tov Titho epyacias, v neprypagpn
kaBnkdvtwv kar v euBuvn Béons. O1 @apuakonolol Bdoel
TOU YVWOTIKOU €MOTNUOVIKOU QVTIKEIUEVOU TOUS €MTEAOUV
kpiolpous ka1 €&€101keupEVOUS pOAoUS oe Bidpopa AEIToupyi-
KA TUNATA TNS QAPHAKEUTIKNS Blopnxavias.

YAika ka1 MéBodor

Méow PiBAioypagikns avadhtnons kar enokonnons avadu-
Bnkav opiopévor and tous Paaikous poAous, Tis appodioTn-
TES Ka1 TOUS KAAdoUs €€e16ikeuons Twv (pAPUAKONOIwWY 0TV
(PAPUCKEUTIKN Plopnxavia.

Aandvn s QappakeuTikis Biopnxavias yia E&A

2020 95.000.000,00€

2019 76.000.000,00€

o017 51.000.000,00€

ﬂ . |
5 5
h

Maypappa 1. Aandvn pappakeutikis Biopgnxavias yia ta
¢tn 2017, 2019 ka1 2020 otnv Epeuva kar Avantugn.

Napaywyn @appdkou otnv ENAGda ot agia (ex-factory)

2022 1.876.000.000,00€ 197;097777777

N 1.616.000.000,00€

2017

Maypappa 2. Napaywyn @apuakou otnv EAAGSa yia ta
¢tn 2021 kar 2022 oe aia ex-factory.
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Sebopéva 2017

AnoteAéopata

AkohouBoUv 12 kUpior Topels 6paons Twv QapUaKonoIwy
otnv olyxpovn @appakofiopnxavia: 1. ‘Epeuva ka1 Ava-
ntuén (E&A) - Research & Development (R&D): ¢peu-
va, avakaAuyn, olvBeon kar avdntuén vewv @appdkwy,
nPoKAIVIKES dokipés. [Aidypappa 1] 2. ZovBeon npoidvtos
- Product Formulation: &iapopewon véwv @appakeut-
KWV NpoiovTwy, avdntugn s oUvBeons, Twv Hop@wv 60-
00A0Yias ka1 TwV oUOTNPATWY Xopnynons. 3. NMapaywyn -
Production & Manufacturing: suBUvn yia tnv enifAeyn
Twv 01081KacIWV Napaywyns @ApUAKEUTIKWY NPOIOVIWV.
[Aidypappa 2] 4. Molotuikds €Aeyxos ka1 diac@alion
noiotntas — Quality Control/Quality Assurance: noio-
TIKOS €AeyX0S ka1 O1a0@AAION OTI Ta PAPHAKEUTIKA NPOoidvTa

Tuvolikds ap1Bpds kKAIViKav pedetav otnv EANAGSa

Sebopéva 2022 Sebopéu
syt

Sebopéva 2018 Sebopéva 2019 Sebopéva 2020 Sebopéva 2021

Maypappa 3. ZuvoAikds apiBpos KAIVIKGOV HEAETGV atnv EAAGOa and To £1os
2017 éws 30/09/2023.

Ap1Bp6s anaoxoloUpevwv otov kAGdo tou pappdkou

25700 P —

2018 2019 2020 2021

Maypappa 4. H ouvoAiki anaox6Anon otov KAGdo @appidkou yia ta £€tn 2017,
2018, 2019, 2020 ka1 2021.
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nAnpouv kaBopiopéva npétuna noidtntas, enifAeyn otis o1-
abikaoies napaywyns, 0pBes Mpaktikes Mapaywyns (GMP,
Good Manufacturing Practice). 5. PuBpiouikd Ofpata
- Regulatory Affairs: diao@dAion 6T t0 QUPUAKEUTIKA
npoidvia NANPoUV OAES TIS KAVOVIOTIKES ANAITACEIS Kal Td
npdtuna no1oTNTas, Npoetollacias kar puBpIoTIKES unofo-
Aés auis uyelovopikes apxés (n.x. EOD). 6. KAiviknEpguva
- Clinical Research: diaopakion tns 61e€aywyns KAIVIK@V
OOKIHWV Kal PEAETWV OUPPWVA PE TIS KAVOVIOTIKES anal-
toeis kar v 0pBn Khvikn Mpakuikn (GCP, Good Clinical
Practice), napakoAouBnon kar a&loAdynon s ao@AAElas
Kal TNS ANOTEAEOUATIKOTNTAS TV UNO €PEUVA PAPUAKWV.
[Aidypappa 3] 7. @appakoenayplnvnon Kal ac@AAsia
@appdkwv - Pharmacovigilance & Drug Safety: na-
pakoAoUBnon kal avagopd avemBUPNTWY EVEPYEIWV Kal
NapevepyeIwV nou oxetidovial Je PAUPUAKEUTIKA NpoiovTa.
8. NpooPaon ayopds/Oikovopika tns uvyeias — Market
Access & Health Economics: agioAdynon tns 01KOVORIKAS
ka1 KAIVIKns a&ias Twv papuaKeUTIKWY NPoidvIwy e okonod
v npooPaon/dieiocbuon otnv ayopd pe TaUTOXpoOvN OTPA-
yIkn TgoAdynans. 9. latpikés YnoBéoeis - Medical
Affairs: napéxetal 10TPIKN KAl EMOTNUOVIKA YVWOoN Yid Td
(PUPUCKEUTIKG OKEUGOUATA NPOS TOUS ENayyeApaties uyeias
ka1 Tous aoBeveis. 10. MAnpoopies kar eknaidbeuon yia
ta @dppaka - Drug Information & Education: napoxn
exnaideuTikoU UAIKoU Kal MANPOQOpPIWY Yia Ta GAppaka og
enayyeAuaties uyeias, aoBeveis kar katavaAwtés diaoa-
Aidovtas tnv katdAAnAn kar ao@aAn xpnon tous. 11. Mw-
Anogis kar papketivyk — Pharma Sales & Marketing:
avantuooeTal 0TPaTNYIKN NPowONoNs TwWv PAPUAKEUTIKWY
OKEUQOHATWY HE TAUTOXpOVN eknaideuon Twv enayyeApat-
wv uyeias. 12. Pharmacy Benefits Management (PBM):
O1aXelp1ON TWV CUVTAYOYPAPOULEVWY PAPUAKWY OE OX£0N

BIBAIO NEPIAHWEQN

H MoAudidotatn Eniothpn tns QapUaKkeUTIKAS
EBvIkG 16pupa Epsuvav - ABnva
16-17 Aekepfpiou 2023

L€ TIS AOQANIOTIKES €TAIPEIES ka1 KPATIKOUS OPETS, pe BEA-
TI0TONOINON TWV CUVTAYWY PAPHAKWY Kal EAEYX0 TOU KO-
oTous.

Lupnepdopata

01 pappakonoloi oTIS PAPHAKEUTIKES £TaIpEies aglonololy Tis
EMOTNHOVIKES YVWOES ka1 TV €EEIGIKEUON TOUS LIE KPIOIOUS
pdAous yia tn dlao@akion tns avdntuéns, Tns Ao@AAEIas, s
QNOTEAEOHATIKATNTAS, TNS NAPAYWYNS kal tns H1aBeons twv
(PUPCKEUTIKWV OKEUAOUATWY LE TEAIKO 0TOX0, TO OPEADS TOU
aoBevous. H pappakofiopnxavia otnv EAAGSa eivar €vas anod
ToUs otuhopates tns EAAnvikns Oikovopias oupfdAdovias ato
AEMN £€6,2 &oekatoppupia (3,3% tou AEM) to 2021, evw 10
1610 €105 anaoxoAouoe nepinou 28.900 NPOCWNIKA. LUVENWS,
1000 N napaywyn Kai n H1d8eon Twv EAPUAKWY EVTOS TOU
eAadIKoU xwpou aAAd ka1 To €€aywyikd UNOPIo TwV (ap-
HOKEUTIKWY NPOiovIwy (4,7% TOU OUVOAOU TWV EAANVIKWOV
eCaywywv 0Awv twv ayabwv yia 1o 2022) kaBiotolv TV
(appakoPropnxavia yia tov EAANVIKO Xwpo €vav ano Tous Mo
€AKUOTIKOUS TOHIEIS anaoxoAnans.

BipAoypagia
1. CareerOpportunitiesforthePharm. D. inIndustrial ClinicalResearchand

Drug Development, https://doi.org/10.3109/10601338409027321

2. Pharmacists in industry, https://doi.org/10.1016/5S0160-
3450(16)31297-1

3. The role of a pharmacist as a medical information specialist in the
pharmaceutical industry https://doi.org/10.1016/}.cptl.2019.11.005

4. European Industrial Pharmacists Group https://eipg.eu/

5. How-to-become-industrial-pharmacist,  https://uk.indeed.
com/career-advice/finding-a-job/how-to-become-industrial-
pharmacist

6. H Oappakeutikn ayopd otnv EAAGSa, TETONOTA & XTOIXEIA 2022
(XfEE), https://www.sfee.gr/category/typos/facts-figures/

7. https://www.eof.gr/web/guest/ct-list

87



2 3
Mavefnfirnvio

10

11

12

13

88

Mapppakeutikd BIBAIO NEPINHWEQN H MoAudidotatn Eniothpn tns ®appaKeUTIKNS
2 UveEBpio EBvik6 16pupa Epeuvav - ABnva

16-17 Aekepppiou 2023

EPTALIEL METANTYXIAKQN KAI AIAAKTOPIKQN ®OITHTQN

Avayvwaotou Mapia, Topou Aikatepivn-MixaéAa, Vanti Gioulia, Mudwvdkn EppavouéAa, Kpiykas NikoAaos,
Kapiwtn Avaotaoia, Bilia Anna-Rita, ZkaAtod EAévn
“Chemical composition of Stachys parolinii extract and its formulation for cutaneous use”

KaAAipavns Mavayiwtns, Mayiatns Mpokomos, MavayiwtonotAou Ayyehikn, Xnvou lwavva
“Extraction Optimization of betulinic acid through different herbal preparations from Rosmarinus officinalis L. by
1H-gNMR"

KaAhipavns Mavayiwtns, Mpodpopidns Lepageip, Mayiatns Mpokonios
“Onychomycosis due to Candida albicans successfully treated topically with an herbal formulation: A case report”

Kapddon Zwn, Ntiva EuavBia, AAnyiavvns Nektapios,, Koupouvakn AyyeAikn
“Medicinal properties of six Balkan plants traditionally used for the treatment of skin diseases from ethnobotany to
scientific evidence”

Topou Aikatepivn-MixaéAa, Ikaitod EAévn
“Todn Tou Bouvou: AveEdvTAntn nnyn Pl10OPACTIKWY CUOTATIKWV"

Ogo@iAn Mapia- IAedva, Bagdayidvvn EAévn, KapaAns EudyyeAos
“Simulated dosing regimens of monoclonal antibodies and classical treatments for migraine”

Kupiton Aikatepivn, Tayka Avva, Itpatnyos AAé€avopos, KapaAns Eudyyelos
“A clinical study of allergic contact dermatitis in polysensitized and monosensitized patients: Machine learning and
classic methods"

Kupiton Aikatepivn, Tayka Avva, Itpatnyds AAéEavopos, KapaAns EudyyeAos
“Contact allergy to preservatives in a patient cohort with occupational contact dermatitis: Machine learning analy-
sis of patch test data”

Nanadakn KéAAu, KapaAns EuayyeAos
“Prolonged Infusion of Antibiotics in Critically lll Patients: Dosage Regimens Based on Simulations for Meropenem
and Tobramycin”

TounAakwpa Avaotacia, Damnjanovic Ivana, Stefanovic¢ Nikola, Tosi¢ Tatjana, Cati¢-Dordevi¢ Aleksandra,
KapaAns EudyyeAos
“Machine Learning and Modeling Approaches for the Analysis of Antiepileptic Plasma Levels”

Aukoupas MixanA, ‘Opkoula MaAiva, Kovtoyidvvns Xpiotos
“Mpoabiopiopos Tou pPeyeBous Twv owpatdiwy Twv dpacTIKWV 0UoIwyY otnv Kpepa Travocort® pe tn xpnon
(paopatookonias Micro-raman”

Movuikns Avopéas, Aomwtn lwavva, Manaiwavvou Auyepn, fa{ouAn Mapia, Anpas Kwvotavtivos,
Auyouotdkns Kwvotavtivos

“Development of novel PLGA Nanospheres Co-Loaded with paclitaxel and losartan for the treatment of highly des-
moplastic tumors”

NikoAdnouAos Avactdaoios, Aayondmn Ne@éAn, Minna Natdooa, KapaAns EudyyeAos
“Data mining in the design and development of liposomal anticancer drugs”
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ManakupiakonoUAou Mapaokeun, MnaAdgas Eudyyelos, Gaia Colombo, Pékkas M. Anpntpios,
Kwotopntadnoulos NikoAaos, BaAoapn lewpyia
“Nose to brain delivery of donepezil nasal films"

MapBeviadns lwdvvns, NikoAakdakns lwdavvns
“A modified solvent processed feed HME process for the preparation of drug/amino acid CAMS”

MNapBeviddns lwavvns, ABavaciou AAe&avdp, NikoAakdkns lwdvvns
“Peppermint Oil Spray Dried Powders - Encapsulating Wall Composition, Particulate Characteristics and Powder
Cohesiveness”

MNapBeviadns lwavvns, ItaBdakns lewpyios, NikoAakdkns lwavvns
“Static And Dynamic Vapor Sorption of Hydrophopic Starch Ester Powders and Corresponding Tablets”

Laitavn EApiva-Mapiva, Minna Natdooa, ManakupiakonotAou Mapaokeun, Mionas Itépyios, BaAoapn Mewpyia
“Fabricating hybrid particles for possible nose-to-brain delivery of ropinirole”

IwtnponouAou Mapu@alhid-lwdvva, Liapién Ayyehikn, Mpwrténanna XpuotdAda, BAdxou Mapidéva
“In vitro modified-release matrix tablets of omeprazole for paediatric patients”

Tookas MiAuiadns, MapBeviddns lwavvns, NikoAakdkns lwdavvns
“Enidpaon tou BaBpou evuddtwans Kollidon® SR atnv nhaotikonointiki 6pdon ts copBitoAns katd tnv e€wbnon
dipepWV pelypdtwy Tous”

Tpiavtag@uAAonouAou EuotaBia, ZeAiavitns Anpntpios, Minna Natdooa, fadoUAn Mapia, BaAcapn lewpyia,
Mionas Mewpyios

“Dual responsive DSPC:P(OEGMA 950 DIPAEMA) nanostructures: Evaluating the design parameters affecting their
performance”

ToaAaBoUtn Anpntpa, NMapBeviadns lwavvns, Xapion Avaotacia, NikoAakdkns lwavvns
“Tablets of Enteric Microencapsulated Oregano Essential Oil Powders Evaluation and Release”

Oeprakn Lte@avia, Kovtoyidvvns Xpnotos
“Particle size distribution and morphology of umeclinidium Br APl and vilanderol trifenatate APl in anoro® dry
powder inhaler (DPI) using sem and edx”

XaikaAn Xpuon, AapnponouAou Mapaokeun, ManoUAns Anpntpns, Auyouotdkns Kwvotavtivos,
Adpapn Qwrteivn, Xat¢naviwviou Logia
“Green synthesis and characterization of copper oxide nanoparticles for topical application”

BapBapéoou ABavacia, Xpuaoyidvvn Mapia, Mtodfa Lrapativa, XaAikids MiAudadns, MavAou Mavayoula,
MéAdou Dwrteivn, Manayewpyiou Inupidbwyv, Manadonoudos Andatolos, KivtQiou EAévn, PaAAns Euotabios
“Mp6dpopa anoteAéopata Tuxalonoinpevns, EAeyxopevns pe placebo peAétns s enidpaons tns enibpaons
napdywywv s kageivns otn pikpotonoypagia tou 6¢ppatos”

Manavtiwvdkn Avaotacia lwavva, Mouotakd Expnvn, Métoiou Avuyoévn, Balakwota Mupaivn,
AApnavn Xapd, AoUpou Mavayiwta, MewpyakonotAou EAévn, Aapoulns Métpos, Lenviaddkns lwavvns,
Avactacoonoulou lwavva, Bitgos Avdpéas, Moaoialos Anpntpns, PaAAns MixanA

“Experimental gingivitis in mice”
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Ytaba Anpntpa, Mandiwdvvou Acnpiva, Kikiovns Itégavos, Kwotdkn Mapia Zgnviadakns lwdvvns,
Bitoos Avbpéas, Avaoctaconoulou lwavva, lwdvvou EuotaBia, Poucons BagiAeios, PaAAns MixanA
“Healing potential of the Marine Polysaccharides Carrageenan and Ulvanon second degree burns”

Aykupadidns Ipnyopns
“Ta pappakeia tns npoaguyikns Kokkivids”

MavtadoyAou EuayyeAia, Xat{nnavAou Anpntpa
“H10topia Tou eEAANVIKOU @appakeiou and tnv idpuon tou eAANVIKoU kpdtous'”

Ahépns Eudyyelos, Mkapavn - Manaddtou Itapatia
“0 poAos Tou appakonoloy otn diaxeipion Tou Kapkivikou novou”

NanavikoAdou Zaxapias, loUAas AndotoAos

“Mdpketivyk oupgnAnpwpdtwy diatpogns: Mia BiBAloypagikn avaokonnon”
ManavikoAdou Zaxapias, loUAas AndotoAos

“Naxeipion Tou unoottiopoU kal cupnAnpwpata diatpogns. Mia BiBAiopetpikn avéAuon”

louAas Andatolos, ManavikoAdou Zaxapias
“O1 aywves OPOLIOU Ka1 01 OUHIPETEXOVTES WS EEEINIKEUPEVES aYOPES Yia TOMKE aypodiatpo@ika npoiova”

Tooupas Nwpyos, Maupopdin AAe&avdpa, Ntavtdpn Mapyapita, Nanata§iapxou Katepiva
“0 poAos Tou appakonoloy otnv auyxpovn dopn s pappakofiopnxavias”



