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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 Ionian 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.

Figure 2: HPLC-PDA-MS chromatogram of the methanol extract.
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Figure 3: 1H-NMR spectrum of the methanol extract

Figure 4: Morphological Analysis: TEM

Results
Overall, 14 compounds were isolated. Isoscutellarein-7-O-[6‴-
O-acetyl]-β-D-allopyranosyl-(1→2)-β-D-glucopyranoside and 
4′-methyl-hypolaetin-7-O-[6‴-O-acetyl]-allopyranosyl-(1→2)- 
glucopyranoside were the main constituents, as shown in 
the HPLC-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 (PdI 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 pentacyclic 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) 45o and (b) 70o
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-qNMR analysis of the 
extracts
Aqueous extract (infusion, decoctions, turbulent-extraction)
The aqueous extract was placed into a separatory funnel 
with an equal volume of CH2Cl2 and the organic phase was 
collected and concentrated in vacuo (40°C) followed by 1D 
1H-NMR (CDCl3).

Tinctures
(1)  In case of tinctures of 45o and 70o: 10 mL of the tincture 

was concentrated to dryness in vacuo (Rotavapor V-200 
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and Büchi heating bath B-490). The dry residue was 
subjected to 1D 1H-NMR spectroscopy (CDCl3).

(2)  In case of tinctures of 20o: 20 mL of the tincture was 
placed in a separatory funnel together with an equal 
volume of CH2Cl2. After shaking and allow to stand 
for 20 minutes, the organic phase was collected and 
concentrated to dryness followed by 1D 1H-qNMR 
spectroscopy (CDCl3).

Oleolites
We used the method described before by Karkoula et al. (2012) 
for the analysis of olive oil’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 oil). 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-qNMR spectroscopy (CDCl3).

Quantification of BA
For the quantitative analysis three independent samples were 
prepared by weighing of each dry extract, adding 700 μL 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, 
LOQ=0.01, y=0.624+0.001, R² = 0.9998)

Results
Aqueous extracts
The results of aqueous 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 0.11±0.2 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

Figure 1.
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Tinctures
The results are presented in Table 2.

Table 2.

Tinctures of R. officinalis (mg ± SD in 100 mL of tincture)

Α. 10: 100 w/v,  
70% EtOH

Β. 10: 100 w/v,  
45% EtOH

Γ. 5: 100 w/v,  
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.

Οleolites of R. officinalis (mg ±SD in 100 g of oleolite)

Α. 5: 100 w/w,  
65οC, 6 h

Β. 10: 100 w/w, 
65οC, 6 h

Γ. 5: 100 w/w,  
21 days, room To

4.13±0.32 6.8±0.48 2.13±0.32

Table 4 

Stability 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 

for BA during the storage of the oleolite. Moreover, the 
established 1H-qNMR 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. krusei. 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.

Later, in the same year, the patient came to S. Prodromid-
is, 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 clinical 
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 

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 

A B

A C

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 
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.

Combining ethnobotanical surveys and scientific studies is 
a good strategy for new herbal medicines to be discovered and 
exploited. In this study, a total of six plant species from the 
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 
laboratory.

Methods
Bibliographical search was conducted using the databases 
Pubmed, Google Scholar, Science direct and Scopus. In 
vitro antioxidant activity evaluation included assays of 
scavenging the free radical DPPH as well as iron-chelation 
(ferrozine assay) at a concentration of 200 μg/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 μg/mL and 100 μg/
mL, respectively. In vivo anti-inflammatory activity of 
the plant extracts was studied via a carrageenan-induced 
edema protocol in female C57BL/6 mice (at an i.p dose of 
3mg/100g BW).

Results
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Figure 1: DPPH inhibition (%) at 200μg/ml concentration of 
extracts.
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Table 1: Medicinal plants from the Balkan region with therapeutic 
potential.

Plant name Family Activities2,3,4,5 Traditional use1

Teucrium
chamaedrys

L.
(Herba)

Lamiaceae

• Antimicrobial
• Antioxidant 
Urticaria-Body 

Itch

Wound healing, 
Eczema,
Edema,  

Anti-inflammatory,

Plumbago
europaea L.

(Roots)

Plumbaginaceae

• Antimicrobial
• Antioxidant

Wound healing, 
Skin disorders, 

Eczema, Edema, 
Anti-inflammatory, 

Antimicrobial, 
Urticaria-Body 
Itch, Moles-Skin 
tumor, Erythema

Origanum
dictamnus

L.
(Aerial parts)

Lamiaceae

• Antioxidant
• Antiaging

• Antimicrobial

Wound healing, 
Antiinflammatory, 

Antimicrobial, 
Acne-Pimples-oily 
skin, Moles-Skin 

tumor

Cistus 
creticus  

subspecies 
creticus L.

(Aerial parts)

Cistaceae
• Antimicrobial

• Anti-
inflammatory - 

Cytotoxic 

Wound healing, 
Skin diseases-

disorders, 
Antimicrobial

Hypericum 
empetrifoliu 
empetrifoliu 

mWilld.
(Aerial parts)

Hypericaceae
• Antimicrobial
• Antioxidant

• Wound healing
• Anti-Elastase, 
Anti-Tyrosinase, 
Anti-Collagenase

• Anti-
Inflammatory

Wound healing

Cotinus
coggygria 

Scop.
(Herba)

Anacardiaceae
• Antimicrobial
• Antioxidant

• Wound healing
• Anti-Elastase, 
Anti-Tyrosinase, 
Anti-Collagenase

• Anti-
inflammatory

Wound healing, 
Eczema,

Edema, Skin 
diseasesdisorders,

Antimicrobial,
Moles-Skin tumor
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Figure 3: Tyrosinase inhibition (%) at 300 μg/ml concentration of 
extracts.
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Figure 4: Collagenase inhibition (%) at 100 μg/ml of extracts.
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Conclusions
•  The highest antioxidant activity was found in the extracts 

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 TFC in 
Origanum dictamnus.

•  The highest anti-inflammatory activity was found in Cotinus 
coggygria and Plumbago europaea extracts.
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Τσάι του βουνού: Ανεξάντλητη πηγή βιοδραστικών συστατικών
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Εισαγωγή 
Τα είδη του γένους Σιδηρίτη (Τσάι του βουνού), Sideritis 
scardica Griseb., S. clandestina (Bory & Chaub.) Hayek, 
S. raeseri Boiss. & Heldr. και S. syriaca L. είναι επισήμως 
αναγνωρισμένα από τον Ευρωπαϊκό Οργανισμό Φαρμάκων 
(ΕΜΑ) ως παραδοσιακά φάρμακα για τη θεραπεία 
έναντι του κοινού κρυολογήματος και των ήπιων 
γαστρεντερικών διαταραχών1. Αξίζει να σημειωθεί ότι 
το τσάι του βουνού αποτελεί κύριο συστατικό και στην 
παραδοσιακή Ελληνική Μεσογειακή διατροφή.

Σκοπός μελέτης
Προσπαθώντας να αναδείξουμε τη μεγάλη σημασία των φυτών με 
ευεργετικές ιδιότητες και υψηλής εθνοφαρμακολογικής σημασίας, 
μελετήσαμε διάφορα είδη τσάι του βουνού της Ελλάδας.

Αποτελέσματα & Συζήτηση
•  Sideritis euboea Heldr.: Μέσω βιοκατευθυνόμενης 

προσέγγισης πραγματοποιήθηκε ο προσδιορισμός των 
δευτερογενών μεταβολιτών του και η διερεύνηση της 
in vitro κυτταροξικής δράσης του, καθώς και η πιθανή 
ανασταλτική δράση έναντι του ενζύμου υαλουρονιδάσης (in 
vitro & in silico μελέτες)2,3

•  Sideritis sipylea Boiss.: Μελετήθηκαν τα πολικά συστατικά 
και οι βιολογικές δράσεις του μεθανολικού εκχυλίσματος και 
του παραδοσιακού εγχύματος του S. sipylea από τη Σάμο. 
Διερευνήθηκε η αντιοξειδωτική και η αντι-χολινεστερασική 
δράση. Η θρεπτική αξία του φυτού αναφέρθηκε για πρώτη 
φορά, αποκαλύπτοντας μια πολλά υποσχόμενη πηγή 
πρωτεΐνης4

•  Sideritis syriaca L. subsp. syriaca (Μαλοτήρα): 
Μελετήθηκε το χημικό προφίλ του άπολου εκχυλίσματος 
και του αιθέριου ελαίου του ex situ πολλαπλασιασμένου και 
καλλιεργούμενου φυτικού υλικού5.

Συμπεράσματα 
Οι παραπάνω μελέτες αναδεικνύουν την παρουσία διαφόρων 

βιοδραστικών συστατικών και τις σημαντικές φαρμακο-
λογικές δράσεις των ειδών του γένους Σιδηρίτη, καθώς 
επίσης αποδεικνύουν ότι η καλλιέργεια των συγκεκριμέ-
νων φυτών είναι εφικτή παρέχοντας φυτικά προϊόντα με 
πλούσιο φυτοχημικό προφίλ και φαρμακολογικές ιδιότητες.
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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 

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 

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 in 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-

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-
ious 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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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 

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.

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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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 

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 

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).
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and make-up artists (30.5%), bakers/cooks (29.3%), en-
gineers/builders (29.3%), and hairdressers (12.0%). 162 
(40.5%) of the patients had a positive personal history of 
atopic dermatitis, whereas 98 (24.5%) had a positive fami-
ly history. According to the MOAHLFA index, hand dermati-
tis was the most prevalent type of dermatitis in 285 cases 
(71.3%), with facial dermatitis coming in second with 136 
cases (34.0%), trunk dermatitis coming in third with 96 
cases (24.4%), and leg dermatitis coming in fourth with 85 
cases (21.3%).

Chi-square analysis revealed statistically significant rela-
tionships between hand dermatitis and patient group (p-val-
ue = 0.005). In particular, the percentage of monosensitized 
patients was higher than the percentage of polysensitized 
patients (monosensitization > polysensitization). None of the 
groups, however, were shown to be associated with the oth-
er dermatitis kinds (FD/Face Dermatitis, LD/Leg Dermatitis, 
TD/Trunk Dermatitis, and AD/Atopic Dermatitis). Also, both 
polysensitized (p-value = 0.003) and monosensitized (p- val-
ue = 0.000) individuals had significant relationships between 

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. 

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
Occupational dermatoses have a major socioeconomic bur-
den [1]. Occupational-related allergic contact dermatitis 
(ACD) is common in healthcare workers, cleaning service, 
beauty industry and industry workers[1,2]. Among risk fac-

tors, the exposure to preservatives is frequent, since they are 
extensively added in products for occupational use [3]. The 
purpose of this analysis was two-fold: a) to identify the link-
age among hypersensitivity to preservatives, occupational 
profiles, patients’ clinical and demographic characteristics, 

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 
(cleaning 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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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-Atopic-Hand-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 

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%, 

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.
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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 

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 variability (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 - clinical 

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.

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.



24

16-17 Δεκεμβρίου 2023

ΒιΒλιο Περιλήψεων

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%).

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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Figure 5. Categorical principal components analysis of allergic re-
action severity in the total patient cohort (N=800). The clinical eval-
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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.
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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, is 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 min and 3 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).

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.

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.

Figure 4. Tobramycin levels, in critically ill patients: 1h infusion (left 
panel), 3 h infusion (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 it 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.
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Α. LEVETIRACETAM

 Population PK analysis Pop PK and Principal component analysis (PCA)
 1. V/F= 25.01*exp(BW/26.7)* exp(nV) BW ↑ ↑ V, Cl ←→ BW↑↓LEVconc.
 2. Cl/F=1.51*exp(0.75*(BW/ 26.7)*exp(nCL)

Β. LAMOTRIGINE

 Population PK analysis Pop PK and Principal component analysis (PCA)
 1. V/F=5.15*exp(2.83*BW/39.5)*exp(nV)  1. BW ↑ ↑ V ←→ BW↑↓ LTG conc.
 2. Cl/F=0.15*exp(0.0056*daily dose)*exp[(-0.61)*1comed. with VA]*exp(nCL) 2. comed.VA& LTG ↑↓ Cl ←→ LTGconc. ↑ ↑ VA και LTGconc.. ↑↓ LEVconc.

C. VALPROIC ACID

 Population PK analysis Pop PK and Principal component analysis (PCA)
 1. V/F=15.61*exp(BW/32)*exp(0.07*age)*exp(nV)  BW, age ↑ ↑ V ←→ BW, age↑↓ VA συγκέντρωση
 2. Cl/F=0.12*exp(0.0012*daily dose)*exp(nCL) 

Figure 1. Individual predicted versus observed 
concentration data for the models of the three 
drugs: (A) levetiracetam, (B) lamotrigine, and 
(C) valproic acid.

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

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.

Random forest analysis (RF)

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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Η κρέμα Travocort® περιέχει τις δραστικές ουσίες Νιτρική Ισο-
κοναζόλη και Βαλερική Διφθοριοκορτολόνη σε συγκεντρώσεις 
1% w/w και 0.1% w/w, αντίστοιχα και χρησιμοποιείται τοπικά 
για την αντιμετώπιση εκζεματικών και φλεγμονωδών παθή-
σεων του δέρματος [1]. Αποτελεί ένα γαλάκτωμα o/w, στο 
οποίο και οι δύο δραστικές ουσίες είναι διεσπαρμένες εντός 
σταγονιδίων που σχηματίζονται στην ελαιώδη φάση. Ο προσ-
διορισμός του μεγέθους των σωματιδίων των δραστικών ου-
σιών κατά την ανάπτυξη των κρεμών είναι μείζονος σημασίας, 
καθώς οι διαφορές στο μέγεθός τους είναι πιθανόν να επηρε-
άσουν το ρυθμό απορρόφησης και τη διαπερατότητα τους από 
το δέρμα. Οποιαδήποτε μεταβολή αυτών των παραμέτρων 
μπορεί να επιφέρει σημαντικές αλλαγές στην αποτελεσματι-
κότητα και στην ασφάλεια των κρεμών [2]. Για τη μέτρηση 
του μεγέθους των σωματιδίων των δραστικών ουσιών έχουν 
αναπτυχθεί διάφορες τεχνικές, όπως η οπτική μικροσκοπία 
φωτεινού πεδίου (Bright-Field Optical Microscopy), η οπτι-
κή μικροσκοπία πολωμένου φωτός (Polarized Light Optical 
Microscopy), η δυναμική σκέδαση φωτός (Dynamic Light 
Scattering) και η σκέδαση δέσμης laser (Laser Diffraction) 
[3, 4]. Παρόλα αυτά, είναι πιθανό να προκύψουν πολλές προ-
κλήσεις κατά την ανίχνευση των σωματιδίων των δραστικών 
ουσιών σε κρέμες με τη χρήση των τεχνικών αυτών.

Στόχος
Στόχος της μελέτης αποτέλεσε η ανάπτυξη κατάλληλης μεθο-
δολογίας για τη διάκριση μεταξύ των σωματιδίων των δρα-
στικών ουσιών Νιτρικής Ισοκοναζόλης και Βαλερικής Διφθο-
ριοκορτολόνης στη φαρμακευτική κρέμα Travocort® και ο 
προσδιορισμός της κατανομής του μεγέθους των σωματιδίων 
κάθε δραστικής ουσίας ξεχωριστά.

Μεθοδολογία
Για τη μέτρηση του μεγέθους των σωματιδίων των δραστικών 
ουσιών πραγματοποιήθηκε εφάπλωση μικρής ποσότητας των 

φαρμακευτικών κρεμών πάνω σε αντικειμενοφόρο πλάκα, 
χωρίς τη χρήση καλυπτρίδας. Χρησιμοποιήθηκε αρχικά οπτικό 
μικροσκόπιο (Leica DM 2500M) εξοπλισμένο με βιντεοκάμερα 
(Leica DFC420 C) και έγινε χρήση αντικειμενικού φακού 40x. 
Οι φωτογραφίες λήφθηκαν με λειτουργία διαπερατότητας, 
ενώ η εναλλαγή από τη λειτουργία φωτεινού πεδίου σε πο-
λωμένου φωτός βοήθησε στη μελέτη των δραστικών ουσιών.

Για τον προσδιορισμό του μεγέθους των σωματιδίων 
κάθε δραστικής ουσίας ξεχωριστά, χρησιμοποιήθηκε η φα-
σματοσκοπία micro-Raman (LabRam HR Evolution, Horiba 
Scientific). Επιλέχθηκε αντικειμενικός φακός 50x, ενώ εφαρ-
μόστηκε μικροσκοπία πολωμένου φωτός. Για τη λήψη των 
φασμάτων Raman επιλέχθηκε πηγή ακτινοβολίας laser 532 
nm με ονομαστική ισχύ 100 mW, η έντασή του οποίου ρυθ-
μίστηκε στο 25% της ισχύος και το οπτικό φράγμα στα 600 
gratings/mm (500 nm). Τα φάσματα καταγράφηκαν στην πε-
ριοχή 1500-1700 cm-1, με χρόνο έκθεσης τα 10 s, ενώ ήταν 
το αποτέλεσμα 1 επανάληψης. Ως υπόστρωμα χρησιμοποιή-
θηκε επιχρυσωμένο πλακίδιο υψηλής ανακλαστικότητας.

Αποτελέσματα και Συζήτηση
Η ανίχνευση των σωματιδίων των δραστικών ουσιών σε 
κρέμα Travocort® δεν κατέστη εφικτή με την απλή οπτική 
μικροσκοπία φωτεινού πεδίου, καθώς παρατηρούνταν μόνο 
ελαιώδη σταγονίδια (Εικόνα 1Α). Οι δραστικές ουσίες ήταν 
εγκλωβισμένες εντός των ελαιωδών σταγονιδίων και η πα-
ρατήρηση των κρυστάλλων των σωματιδίων τους πραγματο-
ποιήθηκε με την εφαρμογή οπτικής μικροσκοπίας πολωμένου 
φωτός (Εικόνα 1Β). Παρόλα αυτά, η χρήση της οπτικής μικρο-
σκοπίας δεν ήταν σε θέση να διακρίνει μεταξύ των σωματιδί-
ων των δύο δραστικών ουσιών.

Για το λόγο αυτό χρησιμοποιήθηκε η φασματοσκοπία 
micro-Raman, μέσω της οποίας οι δύο δραστικές ουσίες 
μπορούσαν να διακριθούν από τα φάσματα Raman τους. 
Πιο συγκεκριμένα, οι χαρακτηριστικές κορυφές της Νιτρικής 
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Εικόνα 2. (A) Φάσματα Raman των δύο δραστικών ουσιών και placebo, (B) φωτογραφία των σωματιδίων με οπτική μικροσκοπία πολωμένου 
φωτός και ταυτοποίησή τους με φασματοσκοπία micro-Raman (μπλε σωματίδια: Νιτρική Ισοκοναζόλη, κόκκινα σωματίδια: Βαλερική 
Διφθοριοκορτολόνη, πράσινα σωματίδια: placebo/θόρυβος), (Γ) ιστόγραμμα κατανομής μεγέθους σωματιδίων Νιτρικής Ισοκοναζόλης και 
(Δ) ιστόγραμμα κατανομής μεγέθους σωματιδίων Βαλερικής Διφθοριοκορτολόνης

Εικόνα 1. Φωτογραφία του ίδιου πεδίου κρέμας Travocort® με (Α) οπτική μικροσκοπία φωτεινού πεδίου και (B) οπτική μικροσκοπία πολωμένου φωτός.
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Ισοκοναζόλης (1585 cm-1) και της Βαλερικής Διφθοριοκορ-
τολόνης (1666 cm-1) διαφοροποιούνταν επαρκώς μεταξύ 
τους, ενώ το Placebo δε διέθετε χαρακτηριστική κορυφή 
στη συγκεκριμένη φασματική περιοχή (Εικόνα 2Α). Ακολού-
θησε η αναγνώριση, με τη χρήση μικροσκοπίας πολωμένου 
φωτός, 864 σωματιδίων σε ένα σύνολο πεδίων της κρέμας 
Travocort®, των οποίων τα φάσματα Raman καταγράφηκαν 
και αναγνωρίστηκαν ως Νιτρική Ισοκοναζόλη (μπλε σωμα-
τίδια), Βαλερική Διφθοριοκορτολόνη (κόκκινα σωματίδια) ή 
ως Placebo/θόρυβος (πράσινα σωματίδια) (Εικόνα 2Β).

Στη συνέχεια με τη χρήση του λογισμικού ParticleFinder® 
(Horiba Scientific) [5] υπολογίστηκε το μέγεθος των σωματιδίων 
κάθε δραστικής ουσίας που αναγνωρίστηκαν και προσδιορίστηκαν 
οι κατανομές μεγέθους σωματιδίων των δύο δραστικών ουσιών 
(Εικόνα 2Γ και Εικόνα 2Δ). Ειδικότερα, το μέσο μέγεθος των σω-
ματιδίων της δραστικής ουσίας Νιτρικής Ισοκοναζόλης βρέθηκε ίσο 
με 4.3 μm με τυπική απόκλιση 2.6 μm, D10 = 1.5 μm, D50 = 3.6 
μm, D90 = 8.4 μm και μέγιστο μέγεθος ίσο με 13.1 μm, ενώ πα-
ρόμοια μεγέθη προσδιορίστηκαν και για τα σωματίδια της Βαλερι-
κής Διφθοριοκορτολόνης (μέσο μέγεθος 4.2 μm, τυπική απόκλιση 
2.6 μm, D10 = 1.8 μm, D50 = 3.6 μm, D90 = 8.6 μm και μέγιστο 
μέγεθος 9.6 μm) (Πίνακας 1).

Συμπεράσματα
Ο συνδυασμός της οπτικής μικροσκοπίας πολωμένου φω-
τός, της φασματοσκοπίας micro-Raman και του λογισμικού 
ParticleFinderTM οδήγησε στην ανάπτυξη κατάλληλης μεθοδο-
λογίας για τον ταυτόχρονο προσδιορισμό των κατανομών των 
μεγεθών των σωματιδίων δύο δραστικών ουσιών σε φαρμα-
κευτικές κρέμες.

Πίνακας 1. Προσδιορισμός κατανομών μεγέθους σωματιδίων Νιτρικής 
Ισοκοναζόλης και Βαλερικής Διφθοριοκορτολόνης σε κρέμα Travocort® 
με φασματοσκοπία micro-Raman και το λογισμικό ParticleFinderTM

Νιτρική  
Ισοκοναζόλη

Βαλερική 
Διφθοριοκορτολόνη

Πλήθος Σωματιδίων 
που Μετρήθηκαν 238 23

Μέσο Μέγεθος (μm) 4.3 4.2

Τυπική Απόκλιση (μm) 2.6 2.6

Μέγιστο Μέγεθος (μm) 13.1 9.6

D10 (μm) 1.5 1.8

D50 (μm) 3.6 3.6

D90 (μm) 8.4 8.6
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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 is 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 II receptor type 1, has shown promise for TME 
remodeling [2] and is 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 ζ-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, 37oC. 

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

Results
The hydrodynamic diameter and ζ-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 ζ-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 ζ-potential of 107.3 
± 1.5 nm and -35.8 mV, respectively, whereas PLA-PCT-LOS 
NS exhibited a hydrodynamic diameter and a ζ-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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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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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.

Figure 1. Principal component analysis biplot for the liposomes 
features.

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.

•  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 

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 HPMC-Me-β-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) Time points (min)

Per os DH solution 10 15, 30, 45, 60, 120, 240, 360

Intranasal DH film 4 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 (AUC0-t, Cmax, AUCinf, t1/2). 
The relative IN bioavailability (Frel), 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 

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).

NASAL FILM BRAIN PKs SERUM PKs
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drug (Figure 3). The Frel 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

Cmax IN/Cmax PO 5.6 3.9

AUC0-t IN/AUC0-t PO 2.8 1.5

Frel 7.55 3.95

Conclusions
The PK parameters estimated by NCA sparse data methodol-
ogy illustrated the effectiveness of IN administration ei-

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 films 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.

Acknowledgments: P.P. would like to acknowledge the Hel-
lenic Foundation for Research & Innovation (H.F.R.I.), for the 
funding of the research under the 3rd Call for HFRI PhD Fel-
lowships (Fellowship Number: 5353).
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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.

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.
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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 II 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. 

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 H2O (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 μm) 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 
H2O processed feeds the extrusion temperatures were be-
tween 145 and 185 oC, and 30% w/w plasticizer had to 
be added for extrusion. For the AcOH processed feeds the 
extrusion temperatures were 145 and 175 oC 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 ΙΙ apparatus (Pharma Test PTW 2) at 37±0.5 

oC and 50 rpm. Non-sink conditions were selected based 
on the Sink-Index (SI) choosing a value of 0.0115. To test 
the CAMS stability samples were placed in desiccators at 45 

oC/75% RH and analyzed for solid-state changes after 0, 30 
and 90 days.
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Results

Figure 1. pXRD patterns of extrudates with or without 30% w/w 
plasticizer (% amorphous content in parenthesis).

Figure 2. ATR-FTIR spectra pre-processed feeds and corresponding 
extrudates with or without 30% w/w plasticizer.

Figure 3. Non-sink dissolution profiles of extrudates with or without 
30% w/w plasticizer.

Figure 4. pXRDs of the extrudates at the beginning of stability test 
and after 30 and 90 days at 40 oC 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 H2O processing.

GRI’s peak at 1658 cm-1 (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-1 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-1 peak is shifted to 1685 cm-1 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 μg/
mL vs 7.8 μg/mL) which dropped to 240.0 μg/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 μg/mL in 15 min, before dropping to 640.5 μg/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 oC) is not far from the 
storage temperature (40 oC), CAMS remained stable. 
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Table 2. Composition of extrusion feeds and % drug recovered from 
extrudates (mean values ±SD, n=3).

Code
LOD% in GRI/
LEU before 
processing*

LOD% of 
extrudates

Solvent 
residue (%)

2:1/H2O 0.27 1.79± 0.24 1.52

2:1/AcOH 0.27 3.81± 0.47 3.54

2:1/H2O/HME/30
*SD < 0.01

0.35 0.71 ± 0.02 0.36

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. 

•  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.

References
1.  Lenz E, Löbmann K, Rades T, Knop K, Kleinebudde P. Hot Melt 

Extrusion and Spray Drying of Co-amorphous Indomethacin-Arginine 
With Polymers. J Pharm Sci. 2017; 106(1): 302-312.

Table 1. Composition of extrusion feeds and % drug recovered from extrudates (mean values ±SD, n=3).

Extrudate code
Nominal composition (% w/w)

Drug content
(% w/w)Griseofulvin L-leucine Compritol®

ATO 888
Kolliphor®

P407

2:1/H2O/HME/30 46.7 23.3 22.5 7.5 98.7 ± 0.6

2:1/AcOH/HME 66.7 33.3 0.0 0.0 99.2 ± 0.8

2:1/AcOH/HME/30 46.7 23.3 22.5 7.5 99.3 ± 0.1
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Introduction
Peppermint essential oil (EO), featuring menthol as its main 
bioactive constituent, displays antispasmodic effects in the 
GI, 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 (SOS) 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 (SOS 
or ADA) were also prepared. Since the fine particle size of 
SDPs (<20 μm) 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 (σf) over the 60 to 
65% powder bed porosity range (ε%) 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. 

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/SOS-‐PSC SD/ADA-‐PLM SD/ADA-‐PLM

Fig. 2. SEM images of SD powder products.
Figure 2. SEM images of SD powder products.
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Methodology
Materials: Peppermint essential oil (EO) 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 SOS) 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, Büchi, Switzerland) at 
145 oC 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 

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 σF values at fixed 
pF. 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
d50
(μm)

ρb
#

(g/cc)
ρt

#

(g/cc)
Carr’s 

Index (%)
Hausner 
Ratio (- )

SDP/ADA 8.00 0.29 0.54 46.3 ± 2.1 1.86 ± 0.13

SDP/SOS 10.5 0.31 0.52 40.4 ± 1.6 1.68 ± 0.54

SDP/ADA- PLM 9.5 0.39 0.60 35.0 ± 1.3 1.54 ± 0.32

SDP/SOS- PLM 10.5 0.45 0.62 27.4 ± 1.4 1.38 ± 0.28
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Figure 4. Tensile strength against solid fraction pF 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.
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Figure 3. Recordings of force (N) with spring elongation (cm) during 
tensile test
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•  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 μm which present cascade 
flow not allowing direct estimation of flowability. 

•  The modified starch with surface active ability gave product 

(SDP/SOS) 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

References
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the irritable bowel syndrome: a meta-analysis of the pooled clinical 
data. BMC Complement Altern Med, 2019; 19(1): 21.
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12(6): 571.

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

Batch
Packing fraction 

(pF)
Time at break 

(tbr), (s)
Spring elongation 

(Δx), (cm)
Breaking force 

(Fbr), (N)

SDP/ADA- PSC

0.36 ± 0.006 39.1 ± 1.2 7.6 ± 0.2 1.24 ± 0.06

0.37 ± 0.004 42.3 ± 1.0 8.2 ± 0.2 2.01 ± 0.05

0.39 ± 0.001 44.9 ± 0.9 8.7 ± 0.1 2.13 ± 0.04

SDP/SOS- PSC

0.35 ± 0.003 22.4 ± 1.5 4.3 ± 0.2 1.06 ± 0.07

0.39 ± 0.001 32.8 ± 2.7 6.4 ± 0.5 1.56 ± 0.13

0.40 ± 0.001 40.6 ± 2.4 7.9 ± 0.4 1.93 ± 0.12

SDP/SOS- PLM

0.37 ± 0.004 27.4 ± 1.4 4.9 ± 0.1 1.30 ± 0.06

0.38 ± 0.002 29.9 ± 1.8 5.3 ± 0.2 1.42 ± 0.08

0.39 ± 0.001 32.5 ± 1.4 5.6 ± 0.1 1.54 ± 0.06

SDP/ADA- PLM

0.39 ± 0.001 25.4 ± 0.4 5.3 ± 0.2 1.20 ± 0.02

0.40 ± 0.001 27.3 ± 1.0 5.8 ± 0.3 1.29 ± 0.06

0.40 ± 0.001 28.7 ± 0.8 6.3 ± 0.2 1.36 ± 0.07
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Introduction
Hydrophobic starch esters have demonstrated high potential as 
matrix formers in controlled release solid oral dosage forms[1]. 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[2]. 
The aim of the present work was to quantify the effects of relative 
humidity (RH) on the moisture sorption, dimensional changes and 
mechanical characteristics of the tablets of different starch esters, 
under static (SVS) or dynamic vapour sorption (DVS). 

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 anhydride[1].
ATR-FTIR spectra: FTIR-Prestige-21 (Shimadzu, Japan) attached 
to a horizontal Golden Gate MKII sing le-reflection ATR (Specac, 
UK) equipped with a Diamond/ZnSe crystal. 
Particle density (ρs): 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: 
ln□[1/(1-pF)] = A + KP, (P is compression pressure, pF solid 
fraction, 1/K = yield pressure (Py), A is related to volume 
reduction due to die filling and particle rearrangement[2]. 

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[3]. 
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

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)

(d) Dynamic – Starch native (SN)
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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, SA1, 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

Pressure (MPa)
Work of  

compaction, Wc (J)
Solid fraction,  

pF (- )
Yield pressure,  

Py (MPa)
Air permeametry  

(sec)

SN1 120 1.80 ± 0.03 0.755 ± 0.003
77.6 ± 3.0

96.5 ± 6.4

SN2 174 2.46 ± 0.02 0.789 ± 0.004 120.0 ± 4.2

SA1 120 1.86 ± 0.05 0.781 ± 0.007
76.6 ± 2.1

105.5 ± 4.9

SA2 174 2.37 ± 0.05 0.824 ± 0.012 373.5 ± 13.4

SP1 120 2.17 ± 0.02 0.792 ± 0.005
56.7 ± 2.5

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) 
(LSD0.05:least significant difference at 95% confidence level).

Tablet code
TS at 23% RH for 2 

days (MPa)
TS at 43% RH for 2 

days (MPa)
TS at 63% RH for 2 

days (MPa)
TS at 83% RH for 2 

days (MPa)
LSD0.05

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

SA1 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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•  Compression pressure impacted on the sorption of SP and 
SA (Fig. 2b,c) but not on SN tablets (Fig. 2a). Higher sorp-
tion is manifested by tablets compressed at the high pres-

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. 

•  The greater plasticity of SP (Table 1 Fig. 4), is manifest-
ed by the surface of compressed tablet showing extensive 
integration with fewer boundaries compared to tablets of 
the other starches. 

•  The higher plasticity of SP also explains the significantly 
lower diametral expansion of these tablets (Fig. 3f), com-
pared to SA tablets (Fig. 3e). 

Axial & Diametral tablet expansion (SVS)
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Figure 3. Axial (Δt) (a-c) and diametral (Δd) (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.

SEM microphotographs

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

 (d) SN tablet – 120 MPa (e) SA tablet – 120 MPa (f) SP tablet – 120 MP

 (g) SN tablet – 174 MPa (h) SA tablet – 174 MPa (i) SP tablet – 174 MPa

Figure 4. SEM microphotographs of SN, SA, and SP powders (a-c) 
and surfaces of corresponding tablets compressed at 120 (d-f) and 
174 MPa (g-i).
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•  SP tablets showed longer air permeation times (Table 1) of 
the air travelling towards the tablet surface due to plastic 
deformation reducing surface porosity compared to other 
starch tablets. 

•  Greater hysteresis is noticed for the SP tablets during SVS 
(Fig. 2c, arrow) and DVS (Fig. 2f, arrow) sortion/desorp-
tion, compared to SA tablets (Figs. 2b and 2e, respective-
ly), signifying vapor entrapment in the tablet structure.

•  TS values of tablets exposed to different RH under SVS 
conditions (Table 2) were only significantly different when 
comparing strength values obtained at 23 % RH with val-
ues obtained at 83% RH. 
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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-β-CD or hy-
droxy-propyl-β-CD) for possible brain drug targeting after 
nasal administration of RH.

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

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

Results

Figure 3. A. Size distribution for the P407, P407:Tw80, P407:Tw80: 
MβCD and P407:Tw80:HPβCD 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:MβCD (B, D) and 
P407:Tw80:HPβCD (C, E) systems, respectively.

Figure 2. Chemical structures of A. P407, Β. Tw80, C. MβCD, D. 
HPβCD, E. RH, and F. the preparation protocol of hybrid systems.
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Figure 4. Cryo-TEM micrographs of hybrid P407:Tw80:MβCD (A, B) 
and P407:Tw80:HPβCD (C, D) systems. 

Figure 4. Cryo-TEM micrographs of hybrid P407:Tw80:MβCD (A, B) 
and P407:Tw80:HPβCD (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).

•  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).

Table 1. The physicochemical properties of the prepared hybrid systems on the day of their preparation.

Colloidal 
dispersions

w/w
Rh (Cumulant)

(nm)1 PDI2
Number  
of peaks

Rh (Contin)

(nm)3
Weight of  
peak (%)

z-potential  
(mV)

P407 - 97 0.49 3
1) 4

2) 39
3) 598

1) 6%
2) 38%
3) 55%

-20.5±6.0

P407:Τw80 70:30 18 0.52 1 29 100% -6.1±2.0

(P407:Τw80):MβCD 80:20 106 0.32 2
1) 8

2) 104
1) 3%

2) 97%
-12.9±12.0

(P407:Τw80):HPβCD 80:20 100 0.30 2
1) 9

2) 114
1) 3%

2) 97%
-6.9±8.4

Figure 6. DSC thermograms. The heating curves of a. RH, 
RH-loaded ternary systems [(P407:Tw80:MβCD):RH (A) and 
(P407:Tw80:HPβCD):RH (B)] in different weight ratios b. 10:10, c. 
10:5, d. 10:1, e. 10:0.5 and f. 10:0.1.
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•  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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for Parkinson’s disease. Drug delivery 2017, 24, (1), 1112-1123.
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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.
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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 Ⅱ 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 λmax=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 

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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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
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Προϋποθέσεις πλαστικοποιητικής δράσης της σορβιτόλης κατά τη θερμοεξώθηση Kollidon® SR 
διαφορετικού βαθμού ενυδάτωσης

Μιλτιάδης Τόσκας, Ιωάννης Παρθενιάδης, Ιωάννης Νικολακάκης
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Εισαγωγή
Η σορβιτόλη έχει πλαστικοποιητική δράση και λόγω της 
χαμηλής θερμοκρασίας τήξης, της βιο-αποικοδόμησης και 
ως μη-τερηδογόνος προσφέρεται για τη θερμοεξώθηση 
φαρμάκων. Κατά τη θερμοεξώθηση μειγμάτων με άμυλο 
παρουσίασε αντι-πλαστικοποιητική δράση σε χαμηλές συ-
γκεντρώσεις με πιθανές συνέπειες στην απελευθέρωση 
φαρμάκων[1]. Το Kollidon® SR είναι θερμοπλαστικό πολυ-
μερές με ανεξάρτητη του pH παρατεταμένη απελευθέρωση 
φαρμάκου καθώς και με ανασταλτική δράση στην κρυστάλ-
λωσης φαρμάκων διατηρώντας υπερκορεσμό. Όμως, εμφα-
νίζει υγροσκοπικότητα και διαφορετική ενυδάτωση σε σχε-
τικά υψηλή σχετική υγρασία [2]. Καθότι το νερό είναι επίσης 
πλαστικοποιητής ο σκοπός της παρούσας εργασίας ήταν να 
διερευνηθεί η πλαστικοπoιητική δράση διαφορετικών συ-
γκεντρώσεων σορβιτόλης στη θερμοεξώθηση Kollidon® SR 
διαφορετικού βαθμού ενυδάτωσης.

Πειραματικό
Υλικά: Πολυμερές Kollidon® SR, BASF, Ludwigshafen, 
Germany) μετά από έκθεση σε συνθήκες χαμηλής (42%) ή 
υψηλής (75%) σχετικής υγρασίας (RH); πλαστικοποιητής σορ-
βιτόλη (Karion®, Merck, Darmstadt, Germany).
Παραγωγή Θερμοεξωθήματος: Εργαστηριακός μονοκόχλιος 

εξωθητής διάταξης (Microtruder RCP–0250, Randcastle, 
N.J., USA) διάμετρος κοχλία 6.35 mm, μήκος/διάμετρο 24:1, 
40 rpm.

Χαρακτηρισμός σκληρότητας, τραχύτητας και μορφο-
λογίας επιφάνειας
Νανο-διείσδυση: Shimadzu HV-2. Εκτελούνται διαδοχικοί 
κύκλοι φόρτισης-αποφόρτισης σε διαφορετικά σημεία της 
επιφάνειας. Το δείγμα (μικροκυλίνδροι 2 mm x 2 mm), στε-
ρεώθηκε με kit EpoFix (Bruker), λειάνθηκε (SiC 120, 400, 
800, 1000 και 2400 mesh) και γυαλίστηκε. Ασκήθηκε δύνα-
μη 98 mN για 30 sec χρησιμοποιώντας διαμαντένια πυρα-
μιδοειδή ακίδα (Vickers 136 μοιρών). Βάθος. διείσδυσης 2 
mm, χρόνος χαλάρωσης 20 sec. Παρατήρηση αποτυπωμά-
των με μικροσκόπιο Leica 4000M (μέση τιμή από τουλάχι-
στον 5 μετρήσεις.
Ηλεκτρονική μικροσκοπία σάρωσης SEM: 20 kV, JSM 840A, 
Jeol, Τόκυο, Ιαπωνία
Στερεά κατάσταση – Διαφορική Θερμιδομετρία Σάρωσης 
(DSC): DSC 204 F1 Phoenix (NETZSCH, Selb, Γερμανία. 5-10 
mg σε δισκάκι αλουμινίου με οπή, εύρος θερμοκρασιών -10 
έως 140 oC/ρυθμός 10 oC/min) σε ατμόσφαιρα αερίου αζώ-
του. Η ψύξη των δειγμάτων πριν το 2ο κύκλου θέρμανσης 
γινόταν με υγρό N2 σε -10 oC. 

Πίνακας 1. Συνθήκες θερμοεξώθησης μειγμάτων Kollidon/σορβιτόλης (ΚΝ πολυμερές χαμηλής και KW υψηλής ενυδάτωσης).

Μείγμα εξώθησης Kollidon:Σορβιτόλη
Θερμοκρασίες ζωνών (oC)

Πίεση στο σωλήνα εξώθησης (MPa)
T1 T2 T3 T4

KΝS/100:0 80 110 115 113 2.07 - 1.38

KΝS/97.5:2.5 80 110 115 113 2.41 - 1.03

KΝS/95:5 85 115 120 118 2.07 - 1.38

KΝS/90:10 85 115 120 118 2.07 - 1.38

KWS/100:0 90 125 135 138 2.41 – 2.07

KWS/97.5:2.5 85 115 125 123 2.41 – 2.07

KWS/95:5 80 110 120 118 2.41 - 1.72

KWS/90:10 80 110 120 118 2.07 – 1.72
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Δισκιοποίηση: Εργαστηριακή ημι-αυτόματη έκκεντρη δισκι-
οποιητική μηχανή Gamlen® D-series (Gamlen Tableting Ltd, 
Nottingham, UK) με δυνατότητα καταγραφής των προφίλ δύ-
ναμης/συμπίεσης.

Αποτελέσματα
Πίνακας 2. Θερμοκρασία υαλώδους μετάπτωσης μειγμάτων.

Μείγμα εξώθησης 
Kollidon:Σορβιτόλη

Θερμοκρασία υαλώδους μετάπτωσης,  
Tg (oC)

Φυσικό 
μείγμα 

Εξωθημένο
μείγμα

Predicted 
(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

Σχήμα 1. Απεικόνιση τραχύτητας 
επιφανειών θερμοεξωθημάτων 
από AFM και SEM.

Σχήμα 2. Καταγραφή μεταβολής βάθους διείσδυσης με ασκούμενη 
δύναμη κατά τη νανο-διείσδυση για χαμηλής (α) και υψηλής (β) ενυ-
δάτωσης εξωθήματα. 

Σχήμα 3. Διαγράμματα δύναμης – μετατόπισης θερμοεξωθημένων 
μειγμάτων Kollidon® SR με σορβιτόλη. (a) και (c ) προφίλ φυσικών 
μιγμάτων και εξωθημάτων με χαμηλό ποσοστό ενυδάτωσης κι αντί-
στοιχα στα (b) και (d) με υψηλό ποσοστό ενυδάτωσης.

Συζήτηση
Δυσκολότερη εξώθηση εμφάνισαν τα KWS/100:0 και 
KWS/97.5:2.5 (Πίνακας 1, τελευταία στήλη). Πέραν των με-
τρήσεων της τραχύτητας (Σχήμα 1), αυτό υποδηλώνει υψη-
λότερο ιξώδες των αντίστοιχων τηγμάτων KWS/100:0 και 
KWS/97.5:2.5 λόγω δυνάμεων τριβής.

Εκτός των εξωθημάτων KWS/95:5 και KWS/90:10 που 
η θερμοεξώθηση οδήγησε σε μικρή μείωση του Tg, υπήρξε 
σημαντική μείωση για εξωθημένα μείγματα KN (Πίνακας 2).

Τα θερμοεξωθήματα KW παρουσιάζουν σημαντικά μεγα-
λύτερη σκληρότητα από τα KN για επίπεδα σορβιτόλης από 
0% έως 5% (Σχήμα 2), ενώ οι τιμές μικροσκληρότητας των 
εξωθημάτων KN και KW πλησιάζουν στο επίπεδο σορβιτόλης 
10% (1.37 και 1.32, αντίστοιχα). 

Η απορροφούμενη μηχανική ενέργεια κατά τη συμπίεση 
(εμβαδό κάτω από την καμπύλη σιμπίεσης, Σχήμα 3) είναι ση-
μαντικά χαμηλότερη στα θερμοεξωθήματα το οποίο σχετίζε-
ται με το χαμηλότερο Tg, πιο μαλακή επιφάνεια και λιγότερες 
διεπιφανειακές τριβές.

Συμπεράσματα
Η θερμοεξώθηση οδήγησε σε μείωση του Tg, σε σύγκριση 
με φυσικά μείγματα και ήταν μεγαλύτερη για εξωθήματα με 
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πολυμερές χαμηλής ενυδάτωσης (KN). Μάλιστα, τα Tg των 
εξωθημάτων μειγμάτων KN ήταν πολύ κοντά στις προβλε-
πόμενες θεωρητικές τιμές που υποδηλώνει ιδανική ανάμειξη 
των συστατικών στο εξώθημα.

Η σορβιτόλη λειτουργεί σαν πλαστικοποιητής σε όλες 
τις αναλογίες για μείγματα με πολυμερές χαμηλής ενυδά-
τωσης KN, αλλά για μείγματα με πολυμερές υψηλής ενυ-
δάτωσης (KW) μόνο σε αναλογίες 5% και 10% ενώ στη 
χαμηλή αναλογία 2.5% ασκεί ισχυρή αντιπλαστικοποιητική 
δράση.

Η αντιπλαστικοποιητική δράση της σορβιτόλης είχε σαν 
αποτέλεσμα αύξηση της επιφανειακής τραχύτητας και της 
σκληρότητας, αλλά μείωση της χαλάρωσης τάσης.
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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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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)

c.

b.a.

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(OEGMA950

1-co-DIPAEMA2) in two different 
ratios; namely 37% PDIPAEMA or copolymer-1 and 70% PDIPAEMA or 
copolymer-2, c. scheme of the lipid/copolymer hybrid bilayer
¹ OEGMA: Oligo (ethylene glycol) methyl ether methacrylate
² DIPAEMA: 2-[diisopropylamino] ethyl methacrylate.

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.

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, c) 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 biocompatible.



57

16-17 Δεκεμβρίου 2023

ΒιΒλιο Περιλήψεων

Table 1. Physicochemical properties of selected lipid/copolymer 
systems at 25oC and in aqueous dispersion medium.

System
Weight 
Ratio

Ι (kHz)
Rh 

(nm)
PDI Rg/Rh I₁/I₃

DSPC:1 9:1 4210 62 0,31 1,4 1,65

DSPC:1 7:3 21645 103 0,20 1,3 1,78

DSPC:1 5:5 3023 58 0,31 1,4 1,68

DSPC:2 9:1 1087 58 0.42 - 1.68

DSPC:2 7:3 413 23 0.46 - 1.67

DSPC:2 5:5 499 33 0.27 - 1.58

Physicochemical behavior in pH and temperature changes

Figure 3. Size distribution from DLS for the hybrid systems incorporat-
ing (a) 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: HCl 0.1N (pH 1.2) (orange color), water for injection (pH 5.5) 
(purple color), PBS (pH 7.4) (green color).

Figure 4. Size distribution from DLS for the hybrid systems incorporating 
(a) 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 tempera-
tures: 25°C (black color), 37°C (red color), and 60°C (blue color).

In vitro toxicity

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 lipid 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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Introduction
Oregano essential oil (EO) 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[1]. 
Since its efficiency is associated with action in the intestine, in 
this work we have prepared tablets of the EO by compressing a 
spray-dried enteric release powder form in which the EO is mi-
croencapsulated in a polysaccharide/ methacrylate wall[2]. 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 EO 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[2]. 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 

spray-dried (B-191, Büchi, Switzerland) under the condi-
tions: inlet air 145oC, feed rate 3.5 mL/min, air flow 600 mL/
min. Yield and oil retention (%) were determined[1].
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
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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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Figure 5. SEM microphotographs of tablet surface of KL_PSC (left) 
and KL_PLM (right) spray-dried products.
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Figure 6. In-vitro release profiles of tablets of spray-dried products 
at gastric (pH 1.2) and enteric (pH 7.5) simulated fluids.

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).

Wall material Code  MC (%) ρs (g/cc)

Gum Arabic GA 9.7 ± 0.21 1.414

MD Kleptose® Pea high Mw KL 3.7 ± 0.10 1.412

MD Corn low Mw LM 4.4 ± 0.03 1.424

MD Corn medium Mw MM 4.5 ± 0.02 1.407

MD Corn high Mw HM 5.6 ± 0.03 1.258

Modified starch MS 5.6 ± 0.02 1.479

Eudragit® L100 PLM 2.6 ± 0.01 1.303

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).

SD product Yield (%) MC (%) Recovery of EO (%)
Particle size distribution (μm)

%Oil Leakage*
d10 d50 d90 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 1.91 6.95 15.92 2.02 2.958

KL_PLM 74.1 2.8 ± 0.06 74.4 2.24 7.43 15.16 1.74 0.226

LM_PLM 69.5 3.6 ± 0.06 73.0 1.31 4.17 14.91 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 4.9 ± 0.15 72.5 1.84 5.57 12.71 1.95 0.643

(b)(a)

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

Figure 3. F/d profiles from the compression of the placebo and 
EO-loaded spray-dried powders. Areas under the curve correspond to 
the work of compression.
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Figure 4. Tabletability and compactibility profiles for the KL_PSC and 
KL_PLM placebo and EO-loaded products.
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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 μm 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 EO 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-

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 μm, but the size of 
the carrier particles (usually lactose or glucose) can range from 
approximately 20 to 65 μm [2]. Identification of the particle size 
and morphology of such small API 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 μm while in vilanterol blis-
ter the respective diameter was approx. 2.09 μm along with 
their d10, d50 and d90 values (Table I).

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 3. EDX microanalysis of first red spot of Fig.2 .



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

2.75 um 4.60 um 7.30 um 2.91 um

Vilanterol Trifenatate

D(0.1) D(0.5) D(0.9) Mean Diameter

1.91 um 2.80 um 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 CuONPs was monitored using UV-Vis 
spectroscopy. The physicochemical characteristics of the 
CuONPs (size and ζ-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 CuCl2∙2H2O 
solutions (1mM) 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 CuONPs were 
synthesized under light at 60oC-80oC 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 25oC. 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 CuONPs 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 Cu2O (Fig 1). 
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Impact of the reducing agent on the physicochemical 
characteristics of CuONPs 
According to Table 1, particles with smaller size and better 
zeta-potential value were obtained from the reaction using 
dittany as reducing agent.

Table1: Physicochemical properties of CuONPs.

Reducing  
agent

Mean size 
(nm) PdI ζ-potential 

(mV)

pomegranate 
juice 230 ± 23,48 0,334 ± 0,04 -28 ± 0,6

chokeberry 
juice 540 ± 26,05 0,261 ± 0,04 -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 CuONPs 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 Cu2O in the CuONPs 
which were obtained by the reactions of different reducing 
agents (Fig 4). 
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Figure 1. UV/Vis spectrum of the CuONPs with different reducing agents. 
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Figure 2. Monitoring of size distribution of CuONPs for 30 days. CuONPs 
using pomegranate juice (■), chokeberry juice (■), buckthorn (■), 
dittany (■) and rockrose (■). 
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Figure 3. Monitoring of zeta-potential distribution of CuONPs for 30 
days. CuONPs using pomegranate juice (■), chokeberry juice (■), 
buckthorn (■), dittany (■) and rockrose (■). 
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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 

the green synthesis of CuONPs suitable for topical applications 
in pharmaceutics and cosmetics. 
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Εισαγωγή
Το αλκαλοειδές καφεΐνη, χρησιμοποιείται στα καλλυντικά με 
ισχυρισμούς: αντι-γήρανσης, μείωσης της κυτταρίτιδας και 
του τοπικού πάχους και εξάλειψης των μαύρων κύκλων και 
του οιδήματος στην περιοχή κάτω από τα μάτια. Εκτός από 
την ελεύθερη μορφή της σε σκόνη, χρησιμοποιούνται και οι 
ενθυλακωμένες της μορφές, τόσο σε λιποσώματα όσο και 
σε κυκλοδεξτρίνες. Το κίτρινο αλκαλοειδές, βερβερίνη έχει 
αντιοξειδωτικές, αντιφλεγμονώδεις και αντιμικροβιακές ιδι-
ότητες, ενώ έχουν αναφερθεί και αντιγηραντικές ιδιότητες.

Το αλκαλοειδές, πιπερίνη, φαίνεται να αυξάνει την εν-
δοδερμική μεταφορά των ενεργών συστατικών. Τα κόκκινα 
φύκη, λόγω των εξαιρετικά πλούσιων βιοδραστικών συστα-
τικών τους – μεταξύ των οποίων και αλκαλοειδή- παρουσι-
άζουν ποικίλους λειτουργικούς ρόλους κατά την ανάπτυξη 
νέων, «πράσινων», καινοτόμων καλλυντικών προϊόντων.

Aν και η λιπολυτική δράση της καφεΐνης έχει μελετηθεί 
αρκετά, οι σχετικές με την επίδρασή της στη μικροτοπογραφία 
και την ελαστικότητα του δέρματος ιδιότητες της δεν έχουν 
εκτενώς διερευνηθεί. Αναπτύξαμε τις παρακάτω Συνθέσεις:

Σύνθεση 1: o/w γαλάκτωμα, ως placebo.
Σύνθεση 2: Η σύνθεση του placebo όπου ενσωματώθηκαν 

ενεργά συστατικά που περιέχουν λιποσωμική καφεΐνη, βερ-
βερίνη, πιπερίνη και εκχύλισμα κόκκινων φυκών.

Σύνθεση 3: Η σύνθεση του placebo όπου ενσωματώθηκαν 
ενεργά συστατικά που περιέχουν καφεΐνη σε κυκλοδεξτρίνη, 
βερβερίνη, πιπερίνη και εκχύλισμα κόκκινων φυκών.

Μέθοδοι
Διεξήχθη κλινική μελέτη-αξιολόγηση 75 ημερών, της επί-
δρασης των παραπάνω συνθέσεων στην ελαστικότητα του 

δέρματος (Cutometer® dual MPA 580, Courage and Khazaka, 
Cologne, Germany) και στη μικροτοπογραφία του δέρματος 
υγιών εθελοντών με βιοφυσικές μετρήσεις καθώς και με αυ-
τοαξιολόγηση.

Η μελέτη ήταν τυχαιοποιημένη, ελεγχόμενη με placebo, 
στην οποία συμμετείχαν 20 υγιείς γυναίκες ηλικίας 35-60 ετών.

Κατά τις πρώτες 30 ημέρες (Φάση 1) , το μισό πρόσωπο 
υποβλήθηκε σε θεραπεία με placebo (1) και το άλλο μισό με το 
λιποσωμικό προϊόν καφεΐνης (2). Ακολούθησε ένα διάλειμμα 
15 ημερών με το placebo (Φάση 0) να εφαρμόζεται σε όλο το 
πρόσωπο, ώστε τα αποτελέσματα της επόμενης φάσης (Φάση 
2) να μην επηρεαστούν από την επίδραση της Σύνθεσης 2. 
Για τις επόμενες 30 ημέρες, το μισό πρόσωπο υποβλήθηκε σε 
θεραπεία με placebo (1) και το άλλο μισό με το προϊόν καφε-
ΐνης σε κυκλοδεξτρίνη (3). Τα προϊόντα εφαρμόζονταν δύο 

Διάγραμμα 1. Μεταβολή του παράγοντα R6 για τις Συνθέσεις 1, 2, 3 κατά 
τη διάρκεια του πειράματος. 
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φορές την ημέρα. Τις ημέρες 0, 30 (Φάση 1: 0-30), 45 (Φάση 
0: 31-45) και 75 (Φάση 2: 45-75) έγιναν οι οργανολογικές 
μετρήσεις της ελαστικότητας του δέρματος και τις ημέρες 30 
και 75 οι δοκιμασίες αυτο-αξιολόγησης.

Τα αποτελέσματα εξετάστηκαν με παραμετρικές και μη πα-
ραμετρικές στατιστικές δοκιμασίες (paired samples t-tests και 
Wilcoxon tests).

Aποτελέσματα-Συζήτηση:
Οι συνθέσεις αποδείχθηκαν σταθερές στη δοκιμασία της επι-
ταχυνόμενης γήρανσης και στη δοκιμασία του συστήματος 
συντήρησης-δοκιμασία πρόκλησης (Πίνακες 1, 2).

Ελαστικότητα: Παράγοντας R6 -Iξωδοελαστικό πηλίκο: 
R6=Uv/Ue Ο παράγοντας R6, όπως φαίνεται στο Διάγραμμα 
1, μειώθηκε και στις δύο φάσεις του πειράματος. Ειδικότερα, 

Πίνακας 1. Οι συνθέσεις αποδείχθηκαν σταθερές στη δοκιμασία της επιταχυνόμενης γήρανσης και στην αποτελεσματικότητα του συστήματος 
συντήρησης (ΕΦ). Φυσικοχημική σταθερότητα -Επιταχυνόμενη γήρανση Σύνθεση 2- λιποσωμιακή καφεΐνη (Ενδεικτικά).

Κύκλος °C pH Χρώμα Οσμή Αίσθηση Ιξώδες Διαχωρισμός φάσεων Αποτέλεσμα 
παρατήρησης

1ος 4 5,5 NCC N P VN NS ΑΠΟΔΕΚΤΟ

25 5,5 NCC N P VN NS ΑΠΟΔΕΚΤΟ

45 5,45 NCC N P VN NS ΑΠΟΔΕΚΤΟ

2ος 4 5,5 NCC N P VN NS ΑΠΟΔΕΚΤΟ

25 5,5 NCC N P VN NS ΑΠΟΔΕΚΤΟ

45 5,45 NCC N P VN NS ΑΠΟΔΕΚΤΟ

3ος 4 5,48 NCC N P VN NS ΑΠΟΔΕΚΤΟ

25 5,47 NCC N P VN NS ΑΠΟΔΕΚΤΟ

45 5,44 NCC N P VN NS ΑΠΟΔΕΚΤΟ

4ος 4 5,48 NCC N P VN NS ΑΠΟΔΕΚΤΟ

25 5,46 NCC N P VN NS ΑΠΟΔΕΚΤΟ

45 5,44 NCC N P VN NS ΑΠΟΔΕΚΤΟ

5ος 4 5,48 NCC N P VN NS ΑΠΟΔΕΚΤΟ

25 5,46 NCC N P VN NS ΑΠΟΔΕΚΤΟ

45 5,44 NCC N P VN NS ΑΠΟΔΕΚΤΟ

6ος 4 5,47 NCC N P VN NS ΑΠΟΔΕΚΤΟ

25 5,46 NCC N P VN NS ΑΠΟΔΕΚΤΟ

45 5,43 NCC N P VN NS ΑΠΟΔΕΚΤΟ

7ος 4 5,45 NCC N P VN NS ΑΠΟΔΕΚΤΟ

25 5,44 NCC N P VN NS ΑΠΟΔΕΚΤΟ

45 5,42 NCC N P VN NS ΑΠΟΔΕΚΤΟ

8ος 4 5,43 NCC N P VN NS ΑΠΟΔΕΚΤΟ

25 5,42 NCC N P VN NS ΑΠΟΔΕΚΤΟ

45 5,40 NCC N P VN NS ΑΠΟΔΕΚΤΟ

χρώμα NCC: χωρίς αλλαγή χρώματος αίσθηση P: ευχάριστη αίσθηση, εύκολη επάλειψη

SCC: ελαφρώς αλλαγή στο χρώμα U: δυσάρεστη αίσθηση, κολλώδης, σχετικά δύσκολη επάλειψη

CCC: αλλαγή στο χρώμα VU: πολύ δυσάρεστη αίσθηση, πολύ κολλώδης, δύσκολη επάλειψη

οσμή N: φυσιολογική Διαχωρισμός Φάσεων NS: χωρίς διαχωρισμό φάσεων

M: ελαφρώς αλλοιωμένη PS: διαχωρισμός φάσεων

IM: υπερβολικά αλλοιωμένη
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στην πρώτη φάση μειώθηκε κατά 53,1% (Ρ=.02) για τη Σύν-
θεση 2 και κατά 80,8% (Ρ=.004) για τη Σύνθεση 1.

Στη δεύτερη φάση του πειράματος, ο παράγοντας R6 μει-
ώθηκε κατά 9,4% (Ρ=.46) για τη Σύνθεση 3 και κατά 49,9% 
(Ρ=.004) για το Σύνθεση 1.

Σε όλες τις παραπάνω περιπτώσεις, η μείωση του παρά-
γοντα R6 υποδεικνύει αύξηση της ελαστικότητας του δέρμα-
τος, άρα και αποτελεσματικότητα των Συνθέσεων. Στατιστικώς 
σημαντικά αποτελέσματα παρουσιάζουν οι Συνθέσεις 1 και 3 
καθώς ισχύει ότι Ρ<0.05.

Πρόδρομα αποτελέσματα αυτο-αξιολόγησης εθελοντών 
οδήγησαν στο συμπέρασμα ότι το σύμπλοκο καφεΐνης-κυκλο-
δεξτρίνης (Σύνθεση 3) έχει μεγαλύτερη αποτελεσματικότητα 
από την λιποσωμική καφεΐνη (Σύνθεση 2).

Η όποια διαφορά μεταξύ της αυτο-αξιολόγησης και των 
βιοφυσικών μετρήσεων ίσως να πρέπει να αποδοθεί στην 

καλύτερη υφή της σύνθεσης καφεΐνη σε κυκλοδεξτρίνη 
(Σύνθεση 3), και η οποία μπορεί να επηρέασε την αυτο-αξι-
ολόγηση.

Ανεπιθύμητες ενέργειες από την εφαρμογή των Συνθέσε-
ων δεν αναφέρθηκαν.

Βιβλιογραφία
•  Luiz, H., Pinho, J. O., & Gaspar, M. M. (2023). Advancing Medicine 

with Lipid-Based Nanosystems—The Successful Case of 
Liposomes. Biomedicines, 11(2), 435. https://doi.org/10.3390/
biomedicines11020435

•  Χρυσογιάννη Μ. Ανάπτυξη και Μελέτη Σταθερότητας καλλυντικών 
προϊόντων με αλκαλοειδή https://polynoe.lib.uniwa.gr/xmlui/
handle/11400/4068

Ευχαριστίες
Βιομηχανία Πλαστικών ΑΒΕΕ, Θεσσαλονίκη.

Πίνακας 2: Αποτελεσματικότητα συστήματος συντήρησης : Σύνθεση 2- λιποσωμιακή καφεΐνη (Ενδεικτικά)

Κριτήρια Μονάδες Mέτρηση Μέθοδος

Ολική μεσόφιλη χλωρίδα/total viable count
<100 cfu/gr (A)

cfu/g <10 ISO 21149:2017
<1000 cfu/gr (B)

Ζύμες/Yeasts 
<100 cfu/gr (A)

cfu/g <100 ISO 16212:2017
<1000 cfu/gr (B)

Μύκητες/Moulds
<100 cfu/gr (A)

cfu/g <100 ISO 16212:2017
<1000 cfu/gr (B)

Escherichia coli ΑΠΟΥΣΙΑ cfu/g ΔΑ ISO 21150:2015

Staphylococcus aureus ΑΠΟΥΣΙΑ cfu/g ΔΑ ISO 22718:2015

Pseudomonas aeruginosa ΑΠΟΥΣΙΑ cfu/g ΔΑ ISO 22717:2015

ΔΑ= Δεν ανιχνεύθηκε, Ανεπιθύμητες ενέργειες : Δεν αναφέρθηκαν
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Experimental gingivitis in mice
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²Athens Naval Hospital, Pathologoanatomic Laboratory, 3Department of Biochemistry & Biotechnology, University of Thessaly

* Corresponding Author: Anastasia-Ioanna Papantonaki, tpapantonaki@gmail.com

Introduction
Periodontitis results in the destruction of gingival tissue and 
alveolar bone. Its primary etiological factor is biofilm dysbiosis, 
resulted from bacterial accumulation.¹ Diabetes Mellitus is a 
major risk factor for periodontal disease.2 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.3,4

Evaluation
1. Clinical assessment (scoring system)

Scoring system

0 Normal

1 Erythema

2 Erythema, οedema

3 Erythema, οedema, bleeding on probing

2. Histopathological analysis
3. Photo-documentation
4. Periodontal Transepidermal Water Loss (TEWL)
5. Periodontal pH
6. Βody weight
7. Βlood 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

Clinical evaluation

Periodontal clinical evaluation, 
based on the scoring system Presence of dental carries

Transepidermal water loss of the periodontium

*
30

20

10

0

Non-diabetic mice without ligation

Diabeticmice without ligation

Non-diabeticmice with ligation

Non-diabetic Diabeticmice with ligation
Μάρτυρες Σ∆ τύπου 1 Σ∆ τύπου 1

& περίδεση
Περίδεση

pH of the periodontium

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, οedema 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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Healing potential of the Marine Polysaccharides Carrageenan and Ulvan on second degree burns

Statha D.1*, Papaioannou A.1, Kikionis S.2, Kostaki M.1, Sfiniadakis I.3, Vitsos A.1, Anastassopoulou J.1, Ioannou E.2, 
Roussis V.2, Rallis M.1
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Introduction
Burn healing is an ongoing scientific challenge and up to date 
there are no effective treatments.

Marine polysaccharides, especially ulvans and carrageen-
ans, have shown antibacterial, anti-inflammatory and immu-
noregulatory properties 1,2, while few different studies have 
reported their beneficial effect on wounds’ treatment 3-5. In 
order to optimize the treatment of burn wounds with carra-
geenan and ulvan, gels with different doses of the polysaccha-
rides were tested in vivo.
Materials & Methods
ANIMALS
Hairless female mice type SKH-hr2 Protocol Number: 
775329/09-08-22

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

MARINE POLYSACCHARIDES

TREATMENTS
1. Control
2.  Mice with 4% polyacrylamide, C13-14 isoparaffin and 

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

7. Mice with 5% w/w Carrageenan gel
8. Mice with 10% w/w Carrageenan gel n=7 per treatment

VALUATION
1. Clinical Assessment- Photodocumentatiοn
2. Histopathological Evaluation
3. Transepidermal Water Loss - Sebum
4. Hydration
5. Skin Thickness
6. Antera 3D
7. Fourier-transform infrared spectroscopy

Results - Discussion

TRANSEPIDERMAL wATER LOSS Of THE PERIODONTIUM

Day 6 Day 15 Day 21 Day 23

Control

Vehicle

Ulvan 10% 
w/w

Carrageenan 
5% w/w

Carrageenan 
10% w/w

Carrageenan 
1.5% w/w

Ulvan 5% 
w/w

Ulvan 1.5% 
w/w
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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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BURN wOUND AREA (mm2) HEMOGLOBIN LEVELS

✱

✱

✱

✱

✱

✱

✱

✱

✱

✱

HISTOPATHOLOGICAL OBSERVATIONS

Control: 
Moderate  inflammation

Vehicle: 
Severe inflammation

Ulvan 1,5% w/w: 
Moderate  inflammation

Ulvan 5% w/w 
Mild inflammation

Ulvan 10% w/w: 
Moderate  inflammation

Carrageenan 1,5% w/w: 
Moderate  inflammation

Carrageenan 5% w/w: 
Moderate  inflammation

Carrageenan 10% w/w: 
Moderate  inflammation
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Τα φαρμακεία της Προσφυγικής Κοκκινιάς

Γρηγόρης Αγκυραλίδης
Φαρμακοποιός M.Sc., E-mail: Gregorios.agyralides@googlemail.com

Εισαγωγή
Ως Κοκκινιά αναφέρεται η περιοχή η οποία είναι γνωστή σή-
μερα ως Νίκαια και ανήκει στο Δήμο Νίκαιας- Αγίου Ιωάννη 
Ρέντη. Στην περιοχή αυτή εγκαταστάθηκαν κυρίως πρόσφυ-
γες οι οποίοι κατέφθασαν στο λιμάνι του Πειραιά μετά τη Μι-
κρασιατική καταστροφή, τον Σεπτέμβριο του 1922.

Η οργάνωση, η στέγαση, η σίτιση και η προσαρμογή στη 
νέα κατάσταση ήταν οι βασικές προτεραιότητες. Παράλληλα, 
οργανώθηκε και αναπτύχθηκε η κοινωνική, οικονομική και 
επαγγελματική ζωή. Αυτό περιλάμβανε και την ίδρυση και λει-
τουργία φαρμακείων.

Υλικό-Μέθοδος
Αναζητήθηκαν στη βιβλιογραφία πληροφορίες σχετικά με τα 
φαρμακεία της προσφυγικής Κοκκινιάς, τους φαρμακοποιούς 
που τα διατηρούσαν, τον επιστημονικό, θεσμικό και κοινωνικό 
τους ρόλο, κατά το χρονικό διάστημα από το 1922 μέχρι και 
την περίοδο του Μεσοπολέμου.

Αποτελέσματα
Κατά την εξεταζόμενη περίοδο, στην Κοκκινιά λειτούργησαν 
τα φαρμακεία των Χαρ. Αλβανίδη (λεωφ. Κορδελιού), Βασ. 
Ασκητή, Σπυρ. Βλασιάδη (οδός 22α), Ε. Βλουμίδη, Σπ. Βολο-

νάκη (Σάρδεων 32), Κιμ. Γκιουλιστάνη (οδός 8), Ι. Διαμαντίδη 
(με την επωνυμία «Εθνικόν», Ζωoδόχου Πηγής 54), Θ. Ιωαν-
νίδη (οδός Αγίων Αναργύρων), Χαρ. Λεοντιάδη, Μαυρομάτ-
τη, Κ. Μαρούγκα (Θηβών 94), Μπεναρδή, Παν. Προυσαλή, Κ. 
Προυσάλογου (οδός Εχελιδών και Μυκάλης), Σ. Τοπαλιάν και 
Ε. Χατζόπουλου (Μοργκεντάου 7). Συνέβαλαν σημαντικά στη 
διατήρηση της υγείας και στην αντιμετώπιση των ασθενειών 
του πληθυσμού, που μαστίζονταν από τη φυματίωση και τις 
γαστρεντερικές διαταραχές, ενώ στον παιδιατρικό πληθυσμό 
εμφάνιζαν έξαρση τα τραχώματα και ο δάγκειος πυρετός, κα-
θώς τα παιδιά φοιτούσαν σε σχολεία με πολυμελείς αίθουσες 
με ανεπαρκή υγιεινή και με έλλειψη καθαρού αέρα. Παράλ-
ληλα παρείχαν πρωτοβάθμια περίθαλψη και πρώτες βοήθειες. 
Έντονη ήταν η δραστηριοποίηση των φαρμακοποιών σε το-
πικούς συλλόγους και φορείς όπως η πρώτη κοινότητα προ-
σφύγων Νέας Κοκκινιάς (Λεοντιάδης), ο Εθνικός Σύλλογος 
Κοκκινιάς (Ασκητής), ο Σύνδεσμος Παλαιάς και Νέας Κοκκινιάς 
(Διαμαντίδης) καθώς και o Ποδοσφαιρικός Όμιλος «Άρης» 
Νέας Κοκκινιάς. Πέρα από θέματα όπως η εξασφάλιση αδειών 
και η ανέγερση φαρμακείων, οι σύλλογοι αυτοί ασχολήθηκαν 
ενεργά με την αποκατάσταση των προσφύγων, την κοινοτική 
οργάνωση, τη διευθέτηση των τοπικών υποθέσεων, την αλ-
ληλοβοήθεια αλλά και θέματα όπως η παροχή πιστοποιητικών 

Εικόνα 3. Έτος 1937: Διανυκτερεύοντα φαρμακεία 
στην ευρύτερη περιοχή Πειραιά και στη Νέα Κοκκινιά

Εικόνα 2. Έτος 1936: Διανυκτερεύοντα 
φαρμακεία στην ευρύτερη περιοχή Πειραιά 
και στη Νέα Κοκκινιά

Εικόνα 1. Έτος 1934: Διανυκτερεύοντα 
φαρμακεία στην ευρύτερη περιοχή Πειραιά 
και στη Νέα Κοκκινιά
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απορίας και η διευκόλυνση των τουρκόφωνων προσφύγων 
μέσω μετάφρασης (Γκιουλιστάνης). Επίσης η Εταιρεία Φίλων 
του Λαού Κοκκινιάς διευκόλυνε άπορους ασθενείς να προμη-
θεύονται φάρμακα. Οι δράσεις αυτές προσέφεραν στον προ-
σφυγικό πληθυσμό της Κοκκινιάς φαρμακευτική περίθαλψη, 
αλλά και συνεισέφεραν στην αυτό-οργάνωσή του με σκοπό 
την αποκατάσταση και την κοινωνική του ένταξη.

Βιβλιογραφία
•  Γιώργος Αγκυραλίδης. Η Προσφυγούπολη Νίκαια – Νέα Κοκκινιά. 

Οσελότος. Αθήνα 2022. 
•  Κυριακή Παπαθανασοπούλου. Προσφυγική εγκατάσταση στη Νίκαια. 

Σύλλογοι, Ταυτότητες, Μνήμη. Εκδόσεις Ασίνη. Αθήνα 2023.
•  Η ιστορία των φαρμακείων στον Πειραιά. MLP-BLOG-G-PSOT. 24 

Ιουλίου 2014. https://mlp-blo-g-spot.blogspot.com/2014/07/
FarmakeiaPirea.html. Προσπελάστηκε: 21 Νοεμβρίου 2023.
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Η ιστορία του ελληνικού φαρμακείου από την ίδρυση του ελληνικού κράτους

Πανταζόγλου Ευαγγελία, Χατζηπαύλου Δήμητρα
Φαρμακευτική Σχολή, Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Εθνικής Αμύνης 39, Θεσσαλονίκη, Ελλάδα  

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

Εισαγωγή
•  Αντικείμενο αυτής της εργασίας αποτελεί η παρουσίαση 

της ιστορικής εξέλιξης του ελληνικού φαρμακείου μετά την 
ίδρυση του ελληνικού κράτους. Ο πρωταρχικός ρόλος του 
φαρμακοποιού στην εξυπηρέτηση του κοινωνικού συνόλου 
αλλά και του φαρμακείου ως χώρου συνάθροισης και 
κοινωνικής συζήτησης, καθιστούν το ελληνικό φαρμακείο 
ένα σημαντικό στοιχείο της ελληνικής κληρονομιάς και 
άσκησης της πρωτοβάθμιας φροντίδας υγείας διαχρονικά.

Μεθοδολογία
•  Στην προσέγγιση του θέματος για τη συλλογή δεδομένων 

χρησιμοποιήθηκαν βιβλιογραφικές πηγές από την Εθνική 
Βιβλιοθήκη, το Υπουργείο Υγείας και Πρόνοιας, το Μορφωτικό 

Ίδρυμα της Εθνικής Τράπεζας της Ελλάδας, από το 
Φαρμακευτικό Μουσείο Θεσσαλονίκης, από τον Πανελλήνιο 
Φαρμακευτικό Σύλλογο, σε συνεργασία με τους κατά 
τόπους συλλόγους και από τις βιβλιοθήκες των ελληνικών 
πανεπιστημίων. Φαρμακευτικές περιοδικές εκδόσεις 
έδωσαν στοιχεία για την καθημερινότητα των φαρμακείων. 
Η καταγραφή των φαρμακείων γίνεται με βάση την 
ενσωμάτωση τους στο ελληνικό κράτος. Κατά την Περίοδο 
της Ελληνικής Επανάστασης 1823-1831 εντοπίζεται η 
λειτουργία φαρμακείων στο Μεσολόγγι, στο Ναύπλιο, στην 
Πάτρα, στην Ερμούπολη Σύρου, στην Ύδρα και στον Πόρο. 
Αξίζει να σημειωθεί ότι οι φαρμακοποιοί συνεισέφεραν 
σημαντικά στην Επανάσταση, τόσο σε επιστημονικό 
επίπεδο αλλά και σε αγωνιστικό

1.  Το πρώτο φαρμακείο στο Ναύπλιο 
(Φωτογραφία από Πελοπόννησιακό 
Λαογραφικό Ίδρυμα,1960

2.  Εικόνα από το εσωτερικό του φαρμακείο 
Κωβαίου στη Σύρο

3.  Φωτογραφία από το Φαρμακείο Ραφαλιά 
στην Ύδρα (περίπου 1890, από τον 
ιστότοπο του φαρμακείου

4.  Εσωτερικό φαρμακείου (αρχές 20ού αιώνα) 
του Σταμάτιου Κρίνου (πηγή Τα Αθηναϊκά)

5.  Άποψη του φαρμακείου Γερολυμάτουτην 
εποχή που στεγαζόταν στην οδό Αθήνας

6.  Φωτογραφία από το φαρμακείο Μπακάκου 
από τον ιστότοπο του φαρμακείου
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Μετά τη δολοφονία του Καποδίστρια στο Ναύπλιο και τον 
εμφύλιο πόλεμο οι Μεγάλες Δυνάμεις επενέβησαν και 
όρισαν Βασιλιά της Ελλάδας τον Όθωνα με μεταφορά της 
πρωτεύουσας στην Αθήνα το 1834. Στην Αθήνα ιδρύθηκαν 
πολλά φαρμακεία που έμειναν γνωστά μέχρι σήμερα. Το 
1836 ο Σταμάτιος Κρίνος, ένας από τους καθηγητές του 
Πανεπιστημίου Αθηνών ίδρυσε φαρμακείο στην Αθήνα. 
Επίσης το 1860 ξεκινάει και η ιστορία του φαρμακείου του 
Γερολυμάτου. Σημείο αναφοράς αποτέλεσε και το φαρμακείο 
του Μπακάκου (1917).

•  Στη Θεσσαλονίκη, αν και αυτή δεν είχε ενσωματωθεί 
ακόμα στο ελληνικό κράτος επίσημα μέχρι το 1912, υπήρχε 
Ελληνικό Φαρμακείο από το 1887. Αυτή τη χρονιά ιδρύθηκε 
φαρμακείο και φαρμακαποθήκη στη διασταύρωση των 
οδών Εγνατία και Αγίας Σοφίας από τον Γαβριήλ Πεντζίκη. 

Τη λειτουργία του φαρμακείου συνέχισε ο υιός του, Νίκος 
Γ. Πεντζίκης, και το φαρμακείο συνεχίζει τη λειτουργία του 
στις μέρες μας.

•  Από τα πιο γνωστά φαρμακεία της Θεσσαλονίκης 
ήταν το φαρμακείο Ζωγράφου. Ο Ζωγράφος φοίτησε 
στην Κωνσταντινούπολη και μετά εγκαταστάθηκε στη 
Θεσσαλονίκη και ίδρυσε το φαρμακείο «Ιπποκράτης» στην 
οδό Εγνατίας (1891). Αξίζει να σημειωθεί ότι σε αυτό το 
φαρμακείο αλλά και σε άλλα, τον καιρό του αγώνα γινόταν 
και συναντήσεις αγωνιστών και τύχαιναν περίθαλψης 
τραυματίες πατριώτες

Συμπεράσματα
Κατά τα πρώτα έτη της ίδρυσης του Ελληνικού Κράτους η 
ίδρυση φαρμακείων δεν απαιτούσε ιδιαίτερες προϋποθέσεις. 
Από το 1834 όμως εκδόθηκαν Βασιλικά Διατάγματα και 

7.  Διαφήμιση στη “Νέα Αλήθεια” του 1910 8.  Το Φαρμακείο Ζωγράφου όταν η οδός 
Μοναστηρίου ονομαζόταν Εγνατία

9.  Το φαρμακείο του Νίκου Γαβριήλ Πεντζίκη, 
στην οδό Εγνατία, που ήταν στέκι 
λογοτεχνών και ζωγράφων. Στην είσοδο 
διακρίνεται ο φαρμακοποιός λογοτέχνης 
και ζωγράφος (με το παλτό) μαζί με το 
συγγραφέα Ηλία Πετρόπουλο

7, 8. Αντικείμενα που χρησιμοποιήθηκαν στο φαρμακείο, όπως καταγράφηκαν και φυλάσσονται στο Φαρμακευτικό Μουσείο Θεσσαλονίκης
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περιορισμοί για την άσκηση του φαρμακευτικού επαγγέλματος 
και ανάλογα και με την εκάστοτε περίοδο στο φαρμακευτικό 
τομέα ελήφθησαν διάφορα νομοθετικά μέτρα που 
διαμόρφωσαν το πλαίσιο λειτουργίας τους. Χαρακτηριστικό 
της νομοθεσίας της λειτουργίας των φαρμακείων και της 
άσκησης του επαγγέλματος του φαρμακοποιού στην Ελλάδα 
είναι η μη κωδικοποιημένη της μορφή. Βλέπουμε δηλαδή 
ότι οι διάφορες διατάξεις είναι διάσπαρτες σε διάφορα 
νομοθετήματα σε βάθος χρόνου μέχρι και σήμερα.

Βιβλιογραφικές αναφορές
1. Ελένη Σκαλτσά: Ιστορία της Φαρμακευτικής, Αθήνα 2015

2.  Εμμανουήλ Ι. Εμμανουήλ: Ιστορία της Φαρμακευτικής, 
Αθήνα 1948 3.Κωστούρος Θ.: Βονιφάτιος Βοναφίν, Ανάπλι 
1979,σελ.48,59

4.  Κρίνος Δ: Η Αληθινή Ερμούπολις επαγωγικώς …Μια άλλη 
γνωριμία με τη Σύρα, εκδ.Ακτίνα-Ν.Ψιλόπουλος 2005,

5.  Παυλίδου Αντιγόνη : Τα φαρμακεία των Αθηνών, Αθήνα 2022

Ευχαριστίες
Οι συγγραφείς ευχαριστούν ιδιαίτερα το Φαρμακευτικό 
Μουσείο Θεσσαλονίκης, τον Πανελλήνιο Φαρμακευτικό 
Σύλλογο και τους κατά τόπους Φαρμακευτικούς Συλλόγους για 
την υποστήριξη και βοήθεια.
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Ο ρόλος του φαρμακοποιού στη διαχείριση του καρκινικού πόνου

Ευάγγελος Αλιφέρης, Σταματία Γκαράνη – Παπαδάτου
Πανεπιστήμιο Δυτικής Αττικής, Τμήμα Πολιτικών Δημόσιας Υγείας, Λεωφόρος Αλεξάνδρας 196, 11521 Αθήνα, email: ealiferis@yahoo.gr

Εισαγωγή
Ο καρκίνος εξακολουθεί να αποτελεί μία από τις πρώτες αιτί-
ες θανάτου απαριθμώντας περίπου 10 εκατομμύρια θανάτους 
το 2020 με ένα από τα μεγάλα προβλήματα στις περιπτώσεις 
καρκίνου να είναι η αποτελεσματική διαχείριση του καρκινι-
κού πόνου.

Στόχος
Η πολυπλοκότητα των σημερινών επιδημιολογικών και φαρ-
μακολογικών δεδομένων στη θεραπεία ογκολογικών ασθε-
νών, απαιτεί ευρεία συνεργασία μεταξύ των κλάδων προς 
όφελος του ασθενούς και προς όφελος της Δημόσιας Υγείας. 
Σκοπός αυτής της μελέτης είναι να διερευνήσει, να εντοπίσει 
και να περιγράψει πώς οι Φαρμακοποιοί ειδικότερα μπορούν 
να συμβάλουν στην αποτελεσματικότερη διαχείριση του καρ-
κινικού πόνου, δεδομένου ότι είναι πιο εύκολα προσβάσιμοι 
από τους ασθενείς και τις περισσότερες φορές σε άμεση συ-
νεργασία με ιατρικό και νοσηλευτικό προσωπικό. Η μελέτη 
διερευνά τις τρέχουσες τάσεις και τη σημασία του ρόλου του 
φαρμακοποιού στη διαχείριση των οπιοειδών, στην εκπαίδευ-
ση, την εξατομικευμένη φροντίδα, τα φάρμακα εκτός ενδείξε-
ων και τις νέες τεχνολογίες.

Μεθοδολογία
Έγινε αναζήτηση στη βάση δεδομένων PubMed. Μελέτες που 
δημοσιεύθηκαν μεταξύ 2000 και 2022 συμπεριλήφθηκαν 
χρησιμοποιώντας τις ακόλουθες λέξεις-κλειδιά: φαρμακο-
ποιός, ανακούφιση από τον πόνο, παρηγορητική φροντίδα, 
διαχείριση πόνου, καρκίνος, προχωρημένο και τελικό στάδιο, 
νέες τεχνολογίες, off label. Η γλώσσα αναζήτησης και η γλώσ-
σα των πηγών καθορίστηκαν στα αγγλικά.

Αποτελέσματα
Η πλειονότητα των μελετών που διερευνήθηκαν δίνουν έμφα-
ση στον διεπιστημονικό και ηγετικό ρόλο των φαρμακοποιών 
στην προσπάθεια καλύτερης διαχείρισης του καρκινικού πό-
νου και παροχής καλύτερης ποιότητας παρηγορητικής φροντί-
δας. Σύμφωνα με αυτές τις μελέτες, πρέπει να αναπτυχθούν 

πολιτικές στις οποίες ο φαρμακοποιός θα πρέπει να είναι ανα-
πόσπαστο μέλος της διεπιστημονικής ομάδας

Πολλές μελέτες επισήμαναν επίσης ότι οι φαρμακοποιοί πρέ-
πει να αναπτύξουν έναν ιδιαίτερο ρόλο μέσω της εκπαίδευσης 
στα θέματα των οπιοειδών και της παροχής φαρμάκων στους 
ασθενείς. Τέλος, λίγες μελέτες έθιξαν την ανάγκη των φαρμα-
κοποιών να υιοθετήσουν νέες τεχνολογίες και να αξιοποιήσουν 
περαιτέρω τις δυνατότητες εξατομικευμένων θεραπειών που 
φαίνεται να είναι η κυρίαρχη τάση για το μέλλον.

Κατηγοριοποίηση των Άρθων

18%

3%
2%

20%

57%

∆ιεπιστηµονικός Ρόλος

Εκπαίδευση

Θέµατα Οπιοειδών

Θέµατα Εκτός Ενδείξεων

Προσωποποιηµένη Θεραπεία

Συμπεράσματα
Αυτή η μελέτη επιβεβαιώνει τη σημασία του ρόλου του φαρ-
μακοποιού στη διαχείριση του καρκίνου του πόνου. Ο αυ-
ξανόμενος αριθμός σχετικών δημοσιεύσεων αποκαλύπτει 
μεγαλύτερη ευαισθητοποίηση της επιστημονικής κοινότητας 
προς αυτή την κατεύθυνση σε σχέση με έναν πληθυσμό που 
μεγαλώνει ηλικιακά και έχει μεγαλύτερη και μάλιστα χρόνια 
ανάγκη για ανακούφιση από τον πόνου. Αποδεικνύεται ότι ο 
ειδικός ρόλος των φαρμακοποιών υιοθετείται όλο και περισ-
σότερο σε κλινικές και ξενώνες. Απαιτείται πρόσθετη έρευνα 
προκειμένου να βελτιστοποιηθούν οι τρόποι και να αναπτυ-
χθούν πολιτικές που θα επιτρέψουν στους φαρμακοποιούς να 
γίνουν αναπόσπαστο μέρος της όλης διαδικασίας.
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Βιβλιογραφία
1.  Jul;23(7):1123-1142. doi: 10.1016/j.jpain.2022.02.002. Epub 2022 

Feb 10. PMID:Van Beek, K., Siouta, N., Preston, N., Hasselaar, J., 
Hughes, S., & Payne, S. et al. (2016). To what degree is palliative 
care integrated in guidelines and pathways for adult cancer patients 
in Europe: a systematic literature review. BMC Palliative Care, 15(1). 
doi: 10.1186/s12904-016-0100-0

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, 
Stewart L, Hartling L, Aldcroft A, Wilson MG, Garritty C, Lewin S, Godfrey 
CM, Macdonald MT, Langlois EV, Soares-Weiser K, Moriarty J, Clifford T, 
Tunçalp Ö, Straus SE. PRISMA Extension for Scoping Reviews (PRISMA-
ScR): Checklist and Explanation. Ann Intern Med. 2018 Oct 2;169(7):467-
473. doi: 10.7326/M18-0850. Epub 2018 Sep 4. PMID: 30178033.

3.  Maleki S, Alexander M, Fua T, Liu C, Rischin D, Lingaratnam S. A 
systematic review of the impact of outpatient clinical pharmacy  
services on medication-related outcomes in patients receiving 
anticancer therapies. J Oncol Pharm Pract. 2019 Jan;25(1):130-139.  
doi: 10.1177/1078155218783814. Epub 2018 Jun 25.PMID: 29938594. 
Oliveira CS, Silva MP, Miranda ÍKSPB, Calumby RT, de Araújo-Calumby 
RF. Impact of clinical pharmacy in oncology and hematology centers: 
A systematic review. J Oncol Pharm Pract. 2021 Apr;27(3):679-
692. doi: 10.1177/1078155220976801. Epub 2020 Dec 10. PMID: 
33302824.

4.  Shrestha S, Kc B, Blebil AQ, Teoh SL. Pharmacist Involvement in 
Cancer Pain Management: A Systematic Review and Meta-Analysis. 
J Pain. 2022 35151871.
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Μάρκετινγκ συμπληρωμάτων διατροφής: Μία βιβλιογραφική ανασκόπηση

Ζαχαρίας Παπανικολάου1*, Απόστολος Γούλας2

1Δημοκρίτειο Πανεπιστήμιο Θράκης, Τμήμα Αγροτικής Ανάπτυξης, Ορεστιάδα, Ελλάδα
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Εισαγωγή
Τα συμπληρώματα διατροφής αναφέρονται σε οποιαδήποτε 
ουσία που λαμβάνεται επιπλέον της κανονικής τροφής, πε-
ριλαμβάνοντας κυρίως βιταμίνες, μέταλλα, αμινοξέα και αμι-
νοξέα, ένζυμα, φυτικά εκχυλίσματα κ.ά. Δεδομένου ότι είναι 
βιοδραστικές ουσίες, ενέχουν επομένως κίνδυνο ανεπιθύμη-
των παρενεργειών. Τα τρία τέταρτα των Καναδών λαμβάνουν 
συμπληρώματα και ένας στους τρεις τα χρησιμοποιεί κάθε 
μέρα. Η δυναμική σε επίπεδο κέρδους αυτών των προϊόντων 
είναι πολύ σημαντική γεγονός που αναδεικνύεται και από το 
ενδιαφέρον των ερευνητών να αναλύσουν παράγοντες που 
επηρεάζουν το μάρκετινγκ αυτών των προϊόντων. Σκοπός της 
παρούσας εργασίας είναι να αναδείξει το συγκεκριμένο ζήτη-
μα μέσω μιας βιβλιομετρικής ανάλυσης. 

Μεθοδολογία
Για τη χρήση του λογισμικού VOSviewer απαιτούνται δεδομέ-
να, τα οποία μπορεί να ανακτηθούν από υπηρεσίες ευρετηρί-
ασης (indexing services), όπως το Scopus, το Web of Science 
κτλ. Στη παρούσα εφαρμογή του λογισμικού VOSviewer χρη-
σιμοποιήθηκαν δεδομένα τα οποία ανακτήθηκαν από την υπη-

ρεσία ευρετηρίασης Scopus. Οι λέξεις - κλειδιά που χρησιμο-
ποιήθηκαν ήταν οι «marketing», «nutritional supplements» 
ώστε να γίνει εύρεσή τους στους τίτλους, τις περιλήψεις και 
τις λέξεις - κλειδιά των αντίστοιχων δημοσιεύσεων. Η αναζή-
τηση έγινε χωρίς κανένα χρονικό περιορισμό σε όλο το εύρος 
αναζήτησης της συγκεκριμένης πλατφόρμας. 

Αποτελέσματα
Συνολικά εξήχθησαν 313 δημοσιεύσεις από την βάση 
δεδομένων του Scopus για την περίοδο αναζήτησης 1977 
έως και 2023. Την τελευταία δεκαετία είχαμε συνολικά 143 
δημοσίευσες σε σύγκριση με την περίοδο 1977 έως και 
1987 που είχαμε μόλις 2. Με τη χρήστη του λογισμικού 
VOSviewer, δημιουργήθηκαν οι εφτά συστάδες με 
βάση την κατηγοριοποίηση των λέξεων-κλειδιών των 
δημοσιεύσεων. Η συστάδα 1 περιέχει λέξεις-κλειδιά που 
σχετίζονται με τον αθλητισμό, η συστάδα 2 περιέχει με τα 
ζώα και τα αντιοξειδωτικά, η συστάδα 3 με τα ιχνοστοιχεία, 
η συστάδα 4 με την διατροφή των μωρών, η συστάδα 5 με 
το σωματικό βάρος και η συστάδα 6 με τον άνθρωπο. Τέλος, 
η συστάδα 7 περιέχει λέξεις-κλειδιά που σχετίζονται με την 

Σχήμα 1. Οπτικοποίηση δικτύου δεδομένων των 44 πιο συχνά χρησιμοποιούμενων λέξεων – κλειδιών με τη βοήθεια του λογισμικού χαρτογρά-
φησης VOSviewer
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επιστήμη της διατροφής και το καθημερινό διαιτολόγιο του 
ανθρώπου. 

Αναφορές:
•  Παπανικολάου Ζ., Γούλας Α., (2023). Διερεύνηση εξαγωγικών 

δραστηριοτήτων σε τρόφιμα που προέρχονται από τα δάση. 
21ο Πανελλήνιο Δασολογικό Συνέδριο. Λουτρά Αιδηψού, 
22-25 Οκτωβρίου 

•  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., Nečemer, M., 
Vogel Mikuš, K., Arčon, I., & Ogrinc, N. (2022). Nutritional 
quality and safety of the spirulina dietary supplements sold 
on the Slovenian market. Foods, 11(6), 849.

Σχήμα 2. Οπτικοποίηση δικτύου δεδομένων των πιο παραγωγικών 
χωρών σε επιστημονικές δημοσιεύσεις με τη βοήθεια του λογισμικού 
χαρτογράφησης VOSviewer (οπτικοποίηση δικτύου).
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Διαχείριση του υποσιτισμού και συμπληρώματα διατροφής. Μία βιομετρική ανάλυση

Ζαχαρίας Παπανικολάου1*, Απόστολος Γούλας2
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Εισαγωγή:
Ο υποσιτισμός είναι ένα φαινόμενο ανησυχητικό στις ανε-
πτυγμένες χώρες, με αναφερόμενο επιπολασμό 9-55% μετα-
ξύ των ενηλίκων στο νοσοκομείο και περίπου 10% σε άτο-
μα με χρόνιες ασθένειες. Ο υποσιτισμός είναι δυνητικά μία 
σοβαρή επιπλοκή που σχετίζεται με αυξημένη νοσηρότητα, 
θνησιμότητα και αυξημένη διάρκεια παραμονής στο νοσοκο-
μείο. Στην παρούσα έρευνα παρουσιάζεται μια βιβλιομετρική 
ανάλυση αναδεικνύοντας το ενδιαφέρον των ερευνητών σε 
θέματα διαχείρισης υποσιτισμού και συμπληρωμάτων διατρο-
φής.

Μεθοδολογία:
Για τη χρήση του λογισμικού VOSviewer απαιτούνται δεδομένα, 
τα οποία μπορεί να ανακτηθούν από υπηρεσίες ευρετηρίασης 
(indexing services), όπως το Scopus, το Web of Science κτλ. Στη 
παρούσα εφαρμογή του λογισμικού VOSviewer χρησιμοποιήθη-
καν δεδομένα τα οποία ανακτήθηκαν από την υπηρεσία ευρετη-
ρίασης Scopus. Οι λέξεις - κλειδιά που χρησιμοποιήθηκαν ήταν οι 

«malnutrition», «nutritional supplements» ώστε να γίνει εύρε-
σή τους στους τίτλους, τις περιλήψεις και τις λέξεις - κλειδιά των 
αντίστοιχων δημοσιεύσεων. Η αναζήτηση έγινε χωρίς κανένα 
χρονικό περιορισμό σε όλο το εύρος αναζήτησης της συγκεκρι-
μένης πλατφόρμας

Αποτελέσματα:
Συνολικά εξήχθησαν 4.096 δημοσιεύσεις από την βάση δε-
δομένων του Scopus για την περίοδο αναζήτησης 1945 έως 
και 2023. Την τελευταία δεκαετία είχαμε συνολικά 2.306 δη-
μοσίευσες σε σύγκριση με την περίοδο 1945 έως και 1955 
που είχαμε μόλις 4. Με τη χρήστη του λογισμικού VOSviewer, 
δημιουργήθηκαν οι πέντε συστάδες με βάση την κατηγοριο-
ποίηση των λέξεων-κλειδιών των δημοσιεύσεων. Η συστάδα 
1 περιέχει λέξεις-κλειδιά που σχετίζονται με οξεία ασθένεια, 
η συστάδα 2 περιέχει δραστηριότητες της καθημερινότητας, η 
συστάδα 3 με τα αμινοξέα, η συστάδα 4 με τους αντιβιοτικούς 
παράγοντες. Τέλος, η συστάδα 5 περιέχει λέξεις-κλειδιά που 
σχετίζονται με το σωματικό βάρος και την ενέργεια.

Σχήμα 1. Οπτικοποίηση δικτύου δεδομένων των πιο συχνά χρησιμοποιούμενων λέξεων – κλειδιών με τη βοήθεια του λογισμικού χαρτογράφησης 
VOSviewer.
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Αναφορές:
•  Παπανικολάου Ζ., Γούλας Α., (2023). Διερεύνηση εξαγωγικών 

δραστηριοτήτων σε τρόφιμα που προέρχονται από τα δάση. 
21ο Πανελλήνιο Δασολογικό Συνέδριο. Λουτρά Αιδηψού, 
22-25 Οκτωβρίου 

•  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, O. R., Woo, J., & Hoogendijk, E. O. (2023). 
Malnutrition in older adults. The Lancet.

Σχήμα 2. Οπτικοποίηση δικτύου δεδομένων των πιο παραγωγικών 
χωρών σε επιστημονικές δημοσιεύσεις με τη βοήθεια του λογισμικού 
χαρτογράφησης VOSviewer (οπτικοποίηση δικτύου).
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Οι αγώνες δρόμου και οι συμμετέχοντες ως εξειδικευμένες αγορές για τα τοπικά 
αγροδιατροφικά προϊόντα

Ζαχαρίας Παπανικολάου1*, Απόστολος Γούλας2
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Εισαγωγή
Τα τελευταία χρόνια οι αγώνες δρόμου και οι αθλητικές διοργα-
νώσεις μαζικού χαρακτήρα γνωρίζουν μεγάλη ανάπτυξη παγκο-
σμίως αλλά και στη χώρα μας. Πολλοί ερευνητές έχουν μελετήσει 
και παρουσιάσει τη συμβολή των αγώνων δρόμου στην τοπική 
οικονομία και ανάπτυξη των περιοχών που διοργανώνουν και φι-
λοξενούν τέτοιου είδους αθλητικές διοργανώσεις. Σύμφωνα με 
τους Γούλα Α., Παππά Μ., και Θεοδοσίου Γ., (2017). Τα νέα μοντέ-
λα ανάπτυξης τις τελευταίες δεκαετίες έχουν γίνει ο πυρήνας μιας 
μεγάλης προσπάθειας για βιωσιμότητα και οικονομική ανάπτυξη. 
Είναι επίσης κρίσιμο για τα νέα μοντέλα να εφαρμόσουν την κοι-
νωνική πτυχή καθώς και την οικονομική πτυχή. Αυτό μπορεί να 
επιτευχθεί θεωρώντας ως κρίσιμα εργαλεία για την ανάπτυξη, 
τον πολιτισμό και την αθλητική δραστηριότητα, σε συνδυασμό με 
την ιστορική μνήμη των διάφορων αριών. 

Eργαλεία αστικής ανάπτυξης
Επιπλέον, αυτό είναι αρκετά γνωστό σε προγράμματα αστικής 
ανάπλασης στις μεγάλες ευρωπαϊκές πόλεις. Αυτός είναι ένας 
από τους κύριους λόγους για τον πολιτισμό σε συνδυασμό με 
τις τοπικές αθλητικές εκδηλώσεις και δραστηριότητες να θεω-
ρούνται εργαλεία αστικής ανάπτυξης. Παράλληλα, μελετώντας 
το προφίλ των ανθρώπων που συμμετέχουν στους αγώνες 
δρόμου παρατηρεί κανείς ότι τρέφονται υγιεινά και προσέχουν 
τη διατροφή τους, ενώ είναι διατεθειμένοι να ξοδέψουν περισ-
σότερα για να αποκτήσουν αγροδιατροφικά προϊόντα υψηλής 
διατροφικής αξίας, παραδοσιακά και γευστικά. Η σημασία της 
ποιότητας των προϊόντων έχει δημιουργήσει μια παγκόσμια 
τάση στη διατροφή, βοηθώντας στη δημιουργία μιας εξαιρετικά 
ανταγωνιστικής αγοράς τροφίμων. Η πτυχή της ποιότητας και 
του τόπου παραγωγής είναι ένα μοναδικό πλεονέκτημα για τη 
διατήρηση της παγκόσμιας ανταγωνιστικότητας. 

Προέλευση των τροφίμων 
Οι καταναλωτές, τα τελευταία χρόνια, ενδιαφέρονται όλο και 

περισσότερο για την προέλευση των τροφίμων όχι μόνο για λό-
γους υγείας αλλά και για εσωτερική ανάγκη να ικανοποιήσουν 
την έλλειψη «πρωτότυπων» και «παραδοσιακών» γεύσεων και 
γεύσεων της καθημερινότητάς τους (Θεοδοσίου Γ., Γούλας Α., και 
Duquenne Μ. Ν., 2017) και δευτερευόντως για την υποστήριξη 
της προστασίας του περιβάλλοντος και της διατήρησης της βιοποι-
κιλότητας στον τόπο παραγωγής. Η παγκόσμια τάση που έχει επι-
κρατήσει γύρω από την τυποποίηση των αγροτικών προϊόντων 
έχει δημιουργήσει μια εναλλακτική τάση αποτίμησης και κατανά-
λωσης τυπικών προϊόντων μιας περιοχής. Σε αυτά τα τυπικά προ-
ϊόντα, η κοινωνική συμμετοχή και η ποιότητά τους θεωρείται ότι 
ενισχύουν την οικονομική δραστηριότητα και μπορούν να αποτε-
λέσουν ανταγωνιστικό πλεονέκτημα στις εγχώριες και διεθνείς 
αγορές (Goodman 2003; Bowen and Mutersbaugh, 2014). 

Σχήμα 1. Η σημαντικότητα των τοπικών προϊόντων ((Source: 
processing according to FAO, accessed 10 February 2023).

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

Exploring the contributions of Franco-Mediterranean agrifood 
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•  Theodossiou G., Goulas A., and Duquenne M.N., (2017), 
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O ρόλος του φαρμακοποιού στην σύγχρονη δομή της φαρμακοβιομηχανίας

Γεώργιος Τσιούμαςa*, Αλεξάνδρα Μαυρομάτηb, Μαργαρίτα Νταντάμηb, Κατερίνα Παπαταξιάρχουa

aClinical Operations, Ιατρικό Τμήμα, Εlpen Pharmaceutical Co. Inc.
bΦαρμακευτική Σχολή Επιστημών Υγείας, Εθνικό και Καποδιστριακό Πανεπιστήμιο Αθηνών

*Corresponding Author: Γεώργιος Τσιούμας, +30 6980017384, gtsioumas@elpen.gr 

Σκοπός
Ο ρόλος του φαρμακοποιού στην σύγχρονη δομή της φαρμα-
κοβιομηχανίας είναι ομοιογενής σε παγκόσμιο επίπεδο. Πιθα-
νόν να ποικίλει ανάλογα με τον τίτλο εργασίας, την περιγραφή 
καθηκόντων και την ευθύνη θέσης. Οι φαρμακοποιοί βάσει 
του γνωστικού επιστημονικού αντικειμένου τους επιτελούν 
κρίσιμους και εξειδικευμένους ρόλους σε διάφορα λειτουργι-
κά τμήματα της φαρμακευτικής βιομηχανίας. 

Υλικά και Μέθοδοι
Μέσω βιβλιογραφικής αναζήτησης και επισκόπησης αναδύ-
θηκαν ορισμένοι από τους βασικούς ρόλους, τις αρμοδιότη-
τες και τους κλάδους εξειδίκευσης των φαρμακοποιών στην 
φαρμακευτική βιομηχανία.

Αποτελέσματα
Ακολουθούν 12 κύριοι τομείς δράσης των φαρμακοποιών 
στην σύγχρονη φαρμακοβιομηχανία: 1. Έρευνα και Ανά-
πτυξη (Ε&Α) – Research & Development (R&D): έρευ-
να, ανακάλυψη, σύνθεση και ανάπτυξη νέων φαρμάκων, 
προκλινικές δοκιμές. [Διάγραμμα 1] 2. Σύνθεση προϊόντος 
– Product Formulation: διαμόρφωση νέων φαρμακευτι-
κών προϊόντων, ανάπτυξη της σύνθεσης, των μορφών δο-
σολογίας και των συστημάτων χορήγησης. 3. Παραγωγή – 
Production & Manufacturing: ευθύνη για την επίβλεψη 
των διαδικασιών παραγωγής φαρμακευτικών προϊόντων. 
[Διάγραμμα 2] 4. Ποιοτικός έλεγχος και διασφάλιση 
ποιότητας – Quality Control/Quality Assurance: ποιο-
τικός έλεγχος και διασφάλιση ότι τα φαρμακευτικά προϊόντα 

2017

2019

2020

∆απάνη της φαρµακευτικής βιοµηχανίας για Ε&Α

76.000.000,00€

51.000.000,00€

95.000.000,00€

δεδοµένα 2017 δεδοµένα 2018 δεδοµένα 2019 δεδοµένα 2020 δεδοµένα 2021 δεδοµένα 2022 δεδοµένα 2023
(έως 30/09/2023

134 154 175 202
232

105

Συνολικός αριθµός κλινικών µελετών στην Ελλάδα

135

Διάγραμμα 1. Δαπάνη φαρμακευτικής βιομηχανίας για τα 
έτη 2017, 2019 και 2020 στην Έρευνα και Ανάπτυξη.

Διάγραμμα 3. Συνολικός αριθμός κλινικών μελετών στην Ελλάδα από το έτος 
2017 έως 30/09/2023.

2021

2022

Παραγωγή φαρµάκου στην Ελλάδα σε αξία (ex-factory)

1.616.000.000,00€

1.876.000.000,00€ 19700
21739

25700 26500
28866

2017 2018 2019 2020 2021

Αριθµός απασχολούµενων στον κλάδο του φαρµάκου

Διάγραμμα 2. Παραγωγή φαρμάκου στην Ελλάδα για τα 
έτη 2021 και 2022 σε αξία ex-factory.

Διάγραμμα 4. Η συνολική απασχόληση στον κλάδο φαρμάκου για τα έτη 2017, 
2018, 2019, 2020 και 2021.



87

16-17 Δεκεμβρίου 2023

ΒιΒλιο Περιλήψεων

πληρούν καθορισμένα πρότυπα ποιότητας, επίβλεψη στις δι-
αδικασίες παραγωγής, Ορθές Πρακτικές Παραγωγής (GMP, 
Good Manufacturing Practice). 5. Ρυθμιστικά θέματα 
– Regulatory Affairs: διασφάλιση ότι τα φαρμακευτικά 
προϊόντα πληρούν όλες τις κανονιστικές απαιτήσεις και τα 
πρότυπα ποιότητας, προετοιμασίας και ρυθμιστικές υποβο-
λές στις υγειονομικές αρχές (π.χ. ΕΟΦ). 6. Κλινική Έρευνα 
– Clinical Research: διασφάλιση της διεξαγωγής κλινικών 
δοκιμών και μελετών σύμφωνα με τις κανονιστικές απαι-
τήσεις και την Ορθή Κλινική Πρακτική (GCP, Good Clinical 
Practice), παρακολούθηση και αξιολόγηση της ασφάλειας 
και της αποτελεσματικότητας των υπό έρευνα φαρμάκων. 
[Διάγραμμα 3] 7. Φαρμακοεπαγρύπνηση και ασφάλεια 
φαρμάκων – Pharmacovigilance & Drug Safety: πα-
ρακολούθηση και αναφορά ανεπιθύμητων ενεργειών και 
παρενεργειών που σχετίζονται με φαρμακευτικά προϊόντα. 
8. Πρόσβαση αγοράς/Οικονομικά της υγείας – Market 
Access & Health Economics: αξιολόγηση της οικονομικής 
και κλινικής αξίας των φαρμακευτικών προϊόντων με σκοπό 
την πρόσβαση/διείσδυση στην αγορά με ταυτόχρονη στρα-
τηγική τιμολόγησης. 9. Ιατρικές Υποθέσεις – Medical 
Affairs: παρέχεται ιατρική και επιστημονική γνώση για τα 
φαρμακευτικά σκευάσματα προς τους επαγγελματίες υγείας 
και τους ασθενείς. 10. Πληροφορίες και εκπαίδευση για 
τα φάρμακα – Drug Information & Education: παροχή 
εκπαιδευτικού υλικού και πληροφοριών για τα φάρμακα σε 
επαγγελματίες υγείας, ασθενείς και καταναλωτές διασφα-
λίζοντας την κατάλληλη και ασφαλή χρήση τους. 11. Πω-
λήσεις και μάρκετινγκ – Pharma Sales & Marketing: 
αναπτύσσεται στρατηγική προώθησης των φαρμακευτικών 
σκευασμάτων με ταυτόχρονη εκπαίδευση των επαγγελματι-
ών υγείας. 12. Pharmacy Benefits Management (PBM): 
διαχείριση των συνταγογραφούμενων φαρμάκων σε σχέση 

με τις ασφαλιστικές εταιρείες και κρατικούς φορείς, με βελ-
τιστοποίηση των συνταγών φαρμάκων και έλεγχο του κό-
στους.

Συμπεράσματα
Οι φαρμακοποιοί στις φαρμακευτικές εταιρείες αξιοποιούν τις 
επιστημονικές γνώσεις και την εξειδίκευσή τους με κρίσιμους 
ρόλους για τη διασφάλιση της ανάπτυξης, της ασφάλειας, της 
αποτελεσματικότητας, της παραγωγής και της διάθεσης των 
φαρμακευτικών σκευασμάτων με τελικό στόχο, το όφελος του 
ασθενούς. Η φαρμακοβιομηχανία στην Ελλάδα είναι ένας από 
τους στυλοβάτες της Ελληνικής Οικονομίας συμβάλλοντας στο 
ΑΕΠ €6,2 δισεκατομμύρια (3,3% του ΑΕΠ) το 2021, ενώ το 
ίδιο έτος απασχολούσε περίπου 28.900 προσωπικό. Συνεπώς, 
τόσο η παραγωγή και η διάθεση των φαρμάκων εντός του 
ελλαδικού χώρου αλλά και το εξαγωγικό εμπόριο των φαρ-
μακευτικών προϊόντων (4,7% του συνόλου των ελληνικών 
εξαγωγών όλων των αγαθών για το 2022) καθιστούν την 
φαρμακοβιομηχανία για τον ελληνικό χώρο έναν από τους πιο 
ελκυστικούς τομείς απασχόλησης.
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