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Η διαδεδομένη χρήση του υαλουρονικού οξέος (ΥΟ) στην 
επιστήμη των καλλυντικών προϊόντων, έχει διεγείρει το 
ενδιαφέρον των εταιρειών, οι οποίες, μέσω νέων τεχνολογιών, 
παράγουν υαλουρονικό οξύ (ΥΟ) και αρκετά νέα παράγωγα 
προκειμένου να αυξηθούν τόσο ο χρόνος παραμονής του σε 
διάφορους ανθρώπινους ιστούς όσο και οι αντιφλεγμονώδεις 
ιδιότητές του. Η παρούσα μελέτη περιλαμβάνει διαφορετικά 
είδη και τρόπους ενσωμάτωσης του ΥΟ για τη βελτιστοποίηση 
της μεταφοράς και απορρόφησής του από το δέρμα καθώς και 
την αύξηση της δράσης του.

ΠΕΡΙΛΗΨΗ

1. Εισαγωγή

Το υαλουρονικό οξύ (Hyaluronic Acid, ΥΟ), ή αλλιώς υαλουρονάνη, είναι 
πολυσακχαρίτης που ανήκει στις γλυκοζαμινογλυκάνες (GAG)1. Είναι φορ-
τισμένος αρνητικά, γραμμικός πολυσακχαρίτη, ο οποίος φέρει επαναλαμ-
βανόμενες μονάδες (β,1-4) – D - γλυκουρονικού οξέος - (β,1-3) – Ν – ακέτυ-
λο – D - γλυκοζαμίνης2. Είναι συστατικό του συνδετικού, του επιθηλιακού 
και του νευρικού ιστού και της εξωκυττάριας θεμέλιας ουσίας του δέρμα-
τος (extracellular matrix, ECM). Έχει ένα ευρύ φάσμα μοριακών βαρών που 
κυμαίνονται από 5.000 έως 5.000.000 Da. Το μέσο μοριακό βάρος του ΥΟ 
μπορεί να επηρεάσει τις φυσικοχημικές του ιδιότητες1. Το ΥΟ χρησιμοποι-
είται ευρέως στην αισθητική λόγω των ειδικών ιδιοτήτων του, που του επι-
τρέπουν να δεσμεύει μεγάλο αριθμό μορίων νερού (H2

O)3. Ένα (1) μόριο ΥΟ 
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έχει τη δυνατότητα να συγκρατήσει 300 μόρια H2O, 
σχηματίζοντας έτσι διασπορά υψηλού ιξώδους. Εί-
ναι βιοσυμβατό, βιοαποδομήσιμο, βλεννοπροσκολ-
λητικό4, ενώ παίζει βασικό ρόλο στην αντικραδα-
σμική προστασία και τη λίπανση του σώματος5. 

Πρόκειται για ένα φυσικό συστατικό του οργανι-
σμού γενικά και του δέρματος, το οποίο διαδραμα-
τίζει σημαντικό ρόλο στην ενυδάτωση, την ανάπλα-
ση και την επούλωση του δέρματος.

Ωστόσο, με την αύξηση της ηλικίας, το ΥΟ δεν 
αναπαράγεται τόσο γρήγορα όσο αποικοδομείται, 
συμβάλλοντας στην ατροφία, την αφυδάτωση και 
απώλεια των χαρακτηριστικών ελαστικότητας του 
γερασμένου δέρματος. Επιπλέον, η έκθεση στην 
υπεριώδη ακτινοβολία, οι ρύποι και το στρες οδη-
γούν σε αυξημένη αποδόμηση ΥΟ και επακόλουθη 
μείωση της προστασίας του ΥΟ από ελεύθερες ρίζες, 
συμβάλλοντας περαιτέρω στην πρόωρη γήρανση.

Το ΥΟ έχει «καθιερωθεί» ως συστατικό των καλ-
λυντικών προϊόντων για τη βελτίωση της ενυδά-
τωσης του δέρματος και την έμμεση κατά αυτό τον 
τρόπο καταπολέμηση των σημαδιών της γήρανσης. 
Παρόλο που τα προϊόντα περιποίησης δέρματος 
που βασίζονται σε ΥΟ έχουν αποδειχθεί ότι μειώ-
νουν τις λεπτές γραμμές, τις ρυτίδες και βελτιώνουν 
την ελαστικότητα του δέρματος, τη σφριγηλότητα, 
και ενυδάτωση, η αποτελεσματικότητά τους είναι 
μη ικανοποιητική και εξαρτάται σε μεγάλο βαθμό 
από τη σύνθεση του προϊόντος. Αν και η χορήγηση 
μέσω τοπικής εφαρμογής είναι πιο βολική, οικονο-
μική, και άμεσα διαθέσιμη, τα αποτελέσματα είναι 
μη ικανοποιητικά και ασυνεπή, εν μέρει λόγω της 
κακής διείσδυσης του ΥΟ στο δέρμα, της επιφανει-
ακής εναπόθεσής του καθώς και της ταχείας αποι-
κοδόμησής του.

Στη βιβλιογραφία αναφέρονται προσπάθειες για 
την εύρεση καινοτόμων τεχνικών για τη βελτίωση 
τοπικής παροχής νερού και ΥΟ στο δέρμα6.

Το ΥΟ έχει χρησιμοποιηθεί σε διάφορες μορφές 
όπως υδροπήκτωμα, δερματικό πληρωτικό, εν-
δοδερμική ένεση, ικριώματα, κρέμες, μεμβράνες, 
αφροί και πηκτώματα για θεραπεία διαφόρων τύ-
πων ασθενειών. Έχει ευρύ φάσμα φαρμακολογικών 
δράσεων όπως αντιφλεγμονώδη, δράση επούλω-
σης πληγών και αναγέννησης ιστών, ανοσοτροπο-

ποιητική, αντικαρκινική, αντιδιαβητική, αντιγηρα-
ντική, επανορθωτική δράση της επιδερμίδας καθώς 
και καλλυντικές ιδιότητες. Το ΥΟ ασκεί πολύπλευρο 
ρόλο στη ρύθμιση διάφορων βιολογικών διεργασι-
ών και τη διατήρηση της ομοιόστασης στο σώμα7.

Η παραλαβή από ζωικές πηγές θεωρείται παραδο-
σιακή μέθοδος λήψης υαλουρονικού οξέος εδώ και 
χρόνια, ωστόσο δεν συνδέεται πλέον με παραγωγή 
μεγάλης κλίμακας. Ως εκ τούτου, έχουν αναπτυχθεί 
εναλλακτικές μεθοδολογίες για τη βιομηχανική πα-
ραγωγή υαλουρονικού οξέος. Το υαλουρονικό του 
εμπορίου παράγεται κυρίως βιοτεχνολογικά (μι-
κροβιακή ζύμωση) το οποίο είναι βιοσυμβατό με το 
ανθρώπινο σώμα4. Επί του παρόντος, η πιο κοινή 
διαδικασία βιομηχανικής παραγωγής που χρησι-
μοποιείται για τη λήψη ΥΟ είναι η στρεπτοκοκκική 
ζύμωση8. 

Ωστόσο, οι χημικές τροποποιήσεις της δομής του 
ΥΟ αντιπροσωπεύουν μια στρατηγική για την επέ-
κταση των πιθανών εφαρμογών του πολυμερούς, 
λαμβάνοντας προϊόντα καλύτερης απόδοσης που 
μπορούν να ικανοποιήσουν συγκεκριμένες απαι-
τήσεις και μπορούν να χαρακτηριστούν από μεγα-
λύτερο χρόνο ημιζωής. Κατά τον σχεδιασμό νέων 
συνθετικών παραγώγων, δίνεται ιδιαίτερη προ-
σοχή στην αποφυγή της απώλειας των φυσικών 
ιδιοτήτων του υαλουρονικού οξέος, όπως η βιο-
συμβατότητα, η βιοαποδομησιμότητα και η βλεν-
νοπροσκόλληση9.

Το ΥΟ είναι ένα από τα πιο ευρέως χρησιμοποιού-
μενα ενεργά συστατικά σε καλλυντικά σκευάσματα 
περιποίησης δέρματος, στα οποία μπορεί να χρησι-
μοποιηθεί ως ενυδατικό συστατικό, λόγω της υδρό-
φιλης φύσης του. Θεωρείται ότι, όταν εφαρμόζονται 
στην επιφάνεια του δέρματος, τα διαλύματα ΥΟ σχη-
ματίζουν ένα υμένιο, απορροφούν την υγρασία, ενυ-
δατώνοντας έτσι το δέρμα. Επίσης διεγείρει τη μετα-
νάστευση των επιδερμικών κυττάρων1. Ανάλογα με 
το μοριακό του βάρος έχει την ικανότητα να ενισχύει 
το επίπεδο υγρασίας του δέρματος ή να επιταχύνει 
την ανάπλαση. Για παράδειγμα, το υψηλού μορια-
κού βάρους υαλουρονικό οξύ ενυδατώνει το δέρμα 
σχηματίζοντας ένα υμένιο όταν εφαρμόζεται στην 
επιφανειακή στιβάδα του δέρματος, αποτρέποντας 
την διαδερμική απώλεια νερού και έτσι έχει αποφρα-



4

κτικό αποτέλεσμα. Αντίθετα, το υαλουρονικό οξύ 
με χαμηλό μοριακό βάρος μπορεί να διεισδύσει στο 
δέρμα για να προστατεύσει και να υποστηρίξει την 
επιδερμική ενυδάτωση, να ενυδατώνει συνεχώς την 
κεράτινη στιβάδα για να εξασφαλίσει την υψηλή ποι-
ότητα της επιδερμικής υφής10.

Πρόσφατες έρευνες σχετικά με τo μοριακό βάρος 
τoυ ΥΟ και την επίδρασή τoυ στη γήρανση τoυ δέρ-
ματος δείχνουν ότι ΥΟ χαμηλού μοριακού βάρους, 
περίπου 50 kDa, έχει σημαντικά υψηλότερους ρυθ-
μούς διείσδυσης στο δέρμα από ΥΟ υψηλότερου μο-
ριακού βάρους11.

Προϊόντα με βάση το ΥΟ χρησιμοποιούνται επίσης 
στην αισθητική δερματολογία και την πλαστική χει-
ρουργική. Είτε σε σταθεροποιημένη μορφή είτε σε 
συνδυασμό με άλλα πολυμερή, το ΥΟ χρησιμοποιείται 
ως συστατικό εμπορικών δερματικών πληρωτικών12.

Αν και το ΥΟ έχει διάφορες εφαρμογές, απαιτείται 
περαιτέρω έρευνα και τεχνολογική ανάπτυξη, επει-
δή υπάρχουν επί του παρόντος ορισμένα ζητήματα 
που πρέπει να αποσαφηνιστούν. Είναι απαραίτητη 
η περαιτέρω εξέταση του μεταβολισμού του ΥΟ1. 
Δεδομένου ότι το ΥΟ είναι ένας πολυ-ηλεκτρολύτης, 
οι ρεολογικές του ιδιότητες στα υδατικά διαλύμα-
τα επηρεάζονται επίσης από την ιοντική ισχύ, το 
pH και τη θερμοκρασία. Όταν οι παράγοντες αυτοί 
αυξάνονται, το ιξώδες του ΥΟ μειώνεται σημαντικά, 
υποδηλώνοντας εξασθένηση των αλληλεπιδράσε-
ων μεταξύ των πολυμερικών αλυσίδων. Το ΥΟ είναι 
πολύ ευαίσθητο στις μεταβολές του pH, είτε σε όξι-
νο ή αλκαλικό περιβάλλον, με αποτέλεσμα όταν το 
pH είναι χαμηλότερο από τέσσερα ή υψηλότερο από 
11, το ΥΟ αποικοδομείται με υδρόλυση4. 

Επίσης το μοριακό  βάρος του ΥΟ αποτελεί εμπό-
διο για τη δερματική διαπερατότητα Ένα παρα-
σκεύασμα ΥΟ χαμηλού μοριακού βάρους είναι ικανό 
να διαπεράσει το δέρμα, αλλά είναι άγνωστο εάν δι-
ατηρεί ή όχι τις σαρωτικές επιδράσεις των ελεύθε-
ρων ριζών οξυγόνου στον κοκκώδη ιστό13.

2. Νεότερες Μορφές του Υαλουρονικού Οξέος

2.1 Αιθοσωμικό σύστημα (SPACE – ethosomal 
system, SES).

Αναπτύχθηκε σύστημα αιθοσωμικού φορέα (δι-

άμετρος ~110 nm)- πεπτιδίου-συζυεγμένου με 
φωφολιπίδια, στο οποίο ενθυλακώνεται το ΥΟ 
(SPACE) με σκοπό την βελτίωση της τοπικής δρά-
σης του14.

2.2 Νανογαλάκτωμα λάδι/νερό  ΥΟ χωρίς αλ-
κοόλη (Αlcohol-free oil / water Ηyaluronic Αcid 
Νanoemulsion). 

Αναπτύχθηκε νανογαλάκτωμα O/W με ΥΟ χωρίς 
αλκοόλη με σκοπό να εφαρμοστεί ως διαδερμικός 
φορέας, να διεισδύει στην κεράτινη στοιβάδα και 
να διαχέεται βαθιά στο χόριο μέσω της διακλάδω-
σης και της διακυτταρικής διαδρομής15.

2.3 Υαλουρονικό οξύ με σταυροειδείς δεσμούς 
ουρίας 

Συνήθως το ΥΟ ενώνεται με διασταυρούμενη σύνδε-
ση με πολυμερές συνθετικής προέλευσης που διαθέτει 
δυο λειτουργικές ομάδες και παράγεται ένα βιοαποι-
κοδομήσιμο, αδιάλυτο στο νερό υδροπήκτωμα16. Σκο-
πός είναι η απόκτηση ενός διασταυρωμένου πολυμε-
ρούς που θα μπορεί να δράσει ως πολυλειτουργικό 
μόριο ικανό να παρέχει ενεργά συστατικά17. 

2.4 Ολιγοσακχαρίτες υαλουρονικού οξέος 
(Hyaluronic Acid oligosaccharides)

Οι ολιγοσακχαρίτες με δομική μονάδα παρόμοια 
του ΥΟ και μικρότερο μοριακό βάρος, που μπορεί να 
προέρχονται από διαφορετικές συνθήκες ζύμωσης, 
έχουν την δυνατότητα να διεισδύουν στο χόριο του 
δέρματος, να αναπληρώνουν την περιεκτικότητα σε 
ΥΟ του σώματος, καθώς και να ρυθμίζουν το μετα-
βολισμό του δέρματος και να καθυστερούν τη γή-
ρανση της επιδερμίδας18.

2.5 Λιποϊκό υαλουρονικό οξύ ( Lipophyal)

Το Lipophyal είναι ένα ενδιαφέρον παράγωγο 
του υαλουρονικού οξέος τόσο για εφαρμογές στον 
δερμοκαλλυντικό τομέα όσο και ως αντιγηραντικό 
συστατικό στην κοσμητολογία. Η δημιουργία του 
βασίζεται σε μικτούς λιποϊκούς και μυρμηκικούς 
εστέρες υαλουρονάνης19.
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2.6 Νερό, μέλι, φωσφολιπίδια, σφιγκολι-
πίδια και υαλουρονικό οξύ (Water, Honey, 
Phospholipids, Sphingolipids, Hyaluronic Acid)

Η σύνθεση περιέχει λιποσώματα φυτικά λιπίδια, 
με ενθυλακωμένο βιοτεχνολογικά παραγόμενο υα-
λουρονικό οξύ και μέλι ανθέων, σε ασθενώς όξινο, 
υδατικό μέσο. Η λιποσωμική του δομή υποστηρίζει 
τη γρήγορη απορρόφηση του ΥΟ και του ανθόμε-
λου20.

2.7 Υαλουρονικό νάτριο (Sodium Hyaluronate) 
150-1300 kDa.

Το Sodium Hyaluronate είναι υαλουρονικό νάτριο 
χαμηλού μοριακού βάρους, 150 - 1300 kDa. Παρά-
γεται με ζύμωση ενός μη αιμολυτικού μικροβιακού 
στελέχους, του Streptococcus equi21. Έχει την ιδιότη-
τα να ακινητοποιεί μεγάλο όγκο νερού στις δομές 
της επιδερμίδας και είναι ικανό να δρα θετικά στη 
μεσοκυττάρια επικοινωνία, αυξάνοντας τα αντιο-
ξειδωτικά ένζυμα για την καταπολέμηση του οξει-
δωτικού στρες.

2.8 Διασταυρούμενο πολυμερές Υαλουρονι-
κού νατρίου με πεντυλενο γλυκόλη και νερό 
(Sodium Hyaluronate Crosspolymer, Pentylene 
Glycol, Aqua)

Παράγωγο ΥΟ πολυμερές με σταυροδεσμούς που 
προέρχεται από φυσικό ΥΟ. Έχει την ιδιότητα να 
δεσμεύει περισσότερα μόρια νερού λόγω της δομής 
του με σταυροδεσμούς και του υψηλού ιξώδες και 
παρέχει μεγάλης διάρκειας ενυδάτωση στο δέρμα22.

2.9 Χαμηλού μοριακού βάρους Υαλουρο-
νικό νάτριο (Low Molecular Weight Sodium 
Hyaluronate)

Υδρολύθηκε υαλουρονικό νάτριο προκειμένου να 
παραχθεί υαλουρονικό νάτριο χαμηλού μοριακού 
βάρους. Το υαλουρονικό νάτριο που παρήχθη είχε 
κατά μέσο όρο, μοριακό βάρος που κυμαινόταν από 
μερικές εκατοντάδες χιλιάδες έως 3.500 Da. Μετα-
βάλλοντας τη συγκέντρωση του οξικού οξέος και 
τον χρόνο αντίδρασης, το υαλουρονικό νάτριο με-

τατράπηκε σε ακετυλιωμένο υαλουρονικό νάτριο 
χαμηλού μοριακού βάρους23.

2.10 Υδροπήκτωμα κολλαγόνου και υαλουρο-
νικού οξέος σε συστήματα χορήγησης μικρογα-
λακτώματος νερό/λάδι (Collagen and hyaluronic 
acid hydrogel in water/oil microemulsion 
delivery systems)

Ενσωματώθηκε  ΥΟ και κολλαγόνο σε μικρογαλά-
κτωμα, με σκοπό τη βελτίωση της μεταφοράς και 
της απελευθέρωσης24.

2.11 Μη ιοντικά μικρογαλακτώματα με χαμη-
λό μοριακό βάρος ΥΟ (Nonionic microemulsions 
with low molecular weight hyaluronic acid)

Αναπτύχθηκαν μικρογαλακτώματα με μη ιοντι-
κούς γαλακτωματοποιητές. Τα μικρογαλακτώματα 
περιέχουν μόνο ένα χαμηλού μοριακού βάρους υα-
λουρονικό οξύ της τάξης των 22 kDa25.

2.12 Λιπόσωμα H.ECMTM: πρωτεογλυκάνη με 
υαλουρονικό οξύ και υδρολυμένο κολλαγόνο 
(Proteoglycan Combined with Hyaluronic Acid 
and Hydrolyzed Collagen)

Πραγματοποιήθηκε πιλοτική μελέτη για την απο-
τελεσματικότητα ενός νέου μαλακτικού κοσμητι-
κού συστατικού, το οποίο αποτελείται από νανο-
λιπόσωμα H.ECMTM, το οποίο περιέχει μια διαλυτή 
πρωτεογλυκάνη αναμεμειγμένη με υδρολυμένο 
κολλαγόνο και υαλουρονικό οξύ. Η πρωτεογλυκάνη 
σε συνδυασμό με το υαλουρονικό οξύ και το υδρο-
λυμένο κολλαγόνο αποκαθιστούν τον δερματικό 
φραγμό σε ήπια ατοπική δερματίτιδα και ξηρό δέρ-
μα26.

2.13 Υβριδικά υδρο - πηκτώματα υαλουρο-
νικού οξέος-υδρολυμένου κολλαγόνου (hybrid 
hyaluronic acid-gelatin hydrogels)

Το κολλαγόνο και το ΥΟ είναι τα κύρια συστατικά 
της εξωκυτταρικής μήτρας (ECM) στους περισσότε-
ρους ανθρώπινους ιστούς. Όταν χρησιμοποιούνται ως 
υβριδικό υλικό, μπορούν να επιτρέψουν τη μίμηση της 
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ECM των φυσικών ιστών27. Τα υδρο-πηκτώματα είναι 
υδρόφιλα πολυμερή με σταυροδεσμούς, που δεν δια-
λύονται στο νερό. Έχουν Ευρωπαϊκή έγκριση CE 0473, 
EN ISO 13485/11.2000 και μπορούν να χρησιμοποι-
ηθούν για εφαρμογές μηχανικής καρδιαγγειακών 
ιστών, ενώ επί του παρόντος δεν χρησιμοποιούνται σε 
καλλυντικά προϊόντα.

2.14 Υβριδικό πληρωτικό με βάση το υαλουρο-
νικό οξύ και την τροποποιημένη με λακτόζη χιτο-
ζάνη (Hybrid Filler Based on Hyaluronic Acid and 
Lactose Modified Chitosan)

Αναπτύχθηκε  μια καινοτόμος τεχνολογία για την 
κατασκευή πληρωτικών με βάση το ΥΟ υψηλής από-
δοσης χρησιμοποιώντας ελάχιστες ποσότητες του 
παράγοντα σταυροειδούς σύνδεσης (cross linking 
agent), διότι οι παράγοντες σταυροειδούς σύνδεσης 
έχουν συσχετισθεί με μεγαλύτερη τοξικότητα. Με 
αυτή τη νέα τεχνολογία (ΥΟCL – CTL), παρασκευάστη-
καν πληρωτικά στα οποία χιτοζάνη τροποποιημένη με 
λακτόζη, CHITLAC® (CTL), ενσωματώνεται στη δομή 
του υαλουρονικό οξύ με σταυροειδείς δεσμούς ουρίας 
(ΥΟCL), με σκοπό να ενισχυθούν οι ρεολογικές ιδιότη-
τες του πληρωτικού28. 

2.15 Υαλουρονικός ψευδάργυρος υδρολυμένος 
(Zinc Hydrolyzed Hyaluronate)

Ο Υαλουρονικός ψευδάργυρος συνδυάζει τις ιδιότη-
τες και των δύο συστατικών, και του ΥΟ και του ψευ-
δαργύρου, ενώ η υδρολυμένη μορφή μπορεί να αυ-
ξήσει την απορρόφηση και να διεισδύσει στο δέρμα. 
Προσδίδει στο δέρμα την ενυδάτωση που χρειάζεται, 
επανόρθωση και θρέψη, καθώς και αντιοξειδωτικές 
και καταπραϋντικές δράσεις29.

2.16 Διασταυρούμενο πολυμερές υαλουρονικού 
νατρίου (Sodium Hyaluronate Crosspolymer)

Είναι ένα είδος διογκωμένου αλλά αδιάλυτου στο 
νερό διασταυρούμενο πολυμερούς υαλουρονικού 
νατρίου. Έχει την ιδιότητα να μετατρέπεται σε κρυ-
στάλλινα και ελαστικά μικροσφαιρίδια ΥΟ μετά τη 
διόγκωση, τα οποία μπορούν να αντικαταστήσουν τα 
παραδοσιακά μικροσφαιρίδια που ενσωματώνονται 
στα καλλυντικά προϊόντα30.

2.17 Υδρολυμένο Υαλουρονικό νάτριο 
(Hydrolyzed Sodium Hyaluronate)

ΥΟ που παράγεται με ζύμωση από μη γενετικά τρο-
ποποιημένο οργανισμό και από μια τεχνολογία ενζυμι-
κής αποδόμησης. Το μοριακό του βάρος είναι μικρότε-
ρο από 5000 Da. Επομένως μπορεί να διεισδύσει στις 
στιβάδες της επιδερμίδας και του χορίου23.

2.18 Ακετυλιωμένο Υαλουρονικό νάτριο 
(Sodium Acetylated Hyaluronate)

Εξειδικευμένο παράγωγο υαλουρονικού νατρίου, το 
οποίο συντίθεται από ΥΟ με αντίδραση ακετυλίωσης. 
Υδροξυλομάδα του ΥΟ, εστεροποιείται με ακετυλομά-
δα, με αποτέλεσμα να αυξάνεται η λιποφιλία, γεγονός 
το οποίο βοηθά στη δερματική διείσδυση31.

3. Εφαρμογές των Νεότερων Μορφών Υαλουρο-
νικού Οξέος στα Καλλυντικά Προϊόντα

Πολλές μελέτες που έγιναν στον τομέα των καλλυ-
ντικών, έχουν διαπιστώσει ότι τα διαφορετικά μορια-
κά βάρη του υαλουρονικού οξέος έχουν διαφορετικές 
επιδράσεις στην αίσθηση και το ιξώδες του δέρματος. 
Το υψηλού μοριακού βάρους (Ηigh molecular weight, 
ΗΜW) ΥΟ (1 × 106 Da) έχει αντιρυτιδικές και ευερ-
γετικές ιδιότητες, αδρανοποιεί τις ελεύθερες ρίζες 
και συμβάλλει στην προστασία του δέρματος, καθώς 
αποδίδει καλύτερα όσον αφορά το σχηματισμό ενός 
φιλμ και τη διατήρηση της υγρασίας. Το χαμηού μορι-
ακού βάρους  (Low Molecular Weight, LMW)  ΥΟ (1 × 
104–1 × 106 Da) έχει την δυνατότητα να διεισδύει στα 
βαθύτερα στρώματα του δέρματος, να επιδιορθώνει 
τυχόν βλάβη της μυϊκής18. Οι ολιγοσακχαρίτες ΥΟ από 
την άλλη, μπορούν να διεισδύσουν στο χόριο του δέρ-
ματος, να συμπληρώσουν την περιεκτικότητα σε ΥΟ 
του σώματος, ρυθμίζουν το μεταβολισμό του δέρμα-
τος και καθυστερούν την γήρανση της επιδερμίδας18. 

4. Συμπεράσματα

Ως ένα από τα θεμελιώδη συστατικά της εξωκυτ-
ταρικής μήτρας του δέρματος, το υαλουρονικό οξύ 
ασκεί σημαντικό ρόλο στον μεταβολισμό του δέρμα-
τος, στην ενυδάτωσή του, στη διατήρηση της δομής 
του και της λειτουργίας των ιστών. Η βιομηχανία 
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καλλυντικών χρησιμοποιεί το ΥΟ για πάνω από 20 
χρόνια για τις εξαιρετικές ενυδατικές, αναζωογονη-
τικές και αντιγηραντικές του ιδιότητες. Το υαλουρο-
νικό οξύ και τα περισσότερα παράγωγά του ενσω-
ματώνονται σε πληθώρα καλλυντικών προϊόντων 
για την περιποίηση του περιγράμματος των ματιών, 
των χειλιών, του προσώπου και του λαιμού, την πε-
ριποίηση του σώματος κατά της κυτταρίτιδας, σε 
διάφορες καλλυντικές μορφές: κρέμες, λοσιόν, οροί, 
μάσκες. Η παρούσα εργασία παρέθεσε διαφορετικά 
είδη και τρόπους ενσωμάτωσης του υαλουρονικού 
οξέος για τη βελτιστοποίηση της χορήγησης και της 
δερματικής απορρόφησής του καθώς και την αύξηση 
της δράσης του.

Το ακετυλιωμένο υαλουρονικό νάτριο (AcΥΟ) φαί-
νεται να έχει εξαιρετικές ενυδατικές ιδιότητες και η 
ακετυλίωση του ΥΟ βελτίωσε την ικανότητά του να δι-
εισδύει στο δέρμα ενώ παράλληλα παράτεινε τη διάρ-
κεια ζωής του. Το Sodium Hyaluronate Crosspolymer, 
Pentylene Glycol, Aqua είναι υδατοδιαλυτό και μπορεί 
να προστεθεί απευθείας στην υδατική φάση, με ήπια 

ανάδευση. Μπορεί να χρησιμοποιηθεί σε προϊόντα 
ενυδάτωσης και αντιγηραντικά προϊόντα, όπως κρέ-
μες, ορούς, πηκτώματα, μάσκες κ.λπ. σε περιεκτικότη-
τα 1% - 5%.

Μια ενδιαφέρουσα πρόταση είναι η ανάπτυξη προϊ-
όντων επόμενης γενιάς, με παράγωγα συστημάτων δι-
ανομής πολυμερών συζευγμένων με υαλουρονικό οξύ 
και φαρμακευτικών ουσιών, ώστε να ξεπεραστούν 
τα προβλήματα που προκύπτουν, λόγω του υψηλού 
μοριακού βάρος του, παρέχοντας υψηλό επίπεδο βιο-
συμβατότητας, παρατεταμένο χρόνο ημιζωής και αυ-
ξημένο χρόνο παραμονής σε διάφορους ανθρώπινους 
ιστούς. 

Συστήματα αιθοσωμικού φορέα με το πεπτίδιο 
SPACE (ethosomal system, SES)  φαίνεται να έχουν θε-
τική επίδραση στη δερματική διείσδυση του ΥΟ, όμως 
επιβάλλεται περαιτέρω εξέταση για τη μακροπρόθε-
σμη σταθερότητα των σκευασμάτων SES. Επίσης, τα 
μη ιοντικά μικρογαλακτώματα με χαμηλό μοριακό βά-
ρος ΥΟ χρειάζονται επιπλέον έρευνες και μελέτες απο-
τελεσματικότητας και σταθερότητας. 

Novel Forms of Hyaluronic Acid and Applications in Cosmetic 
Products

Evangelia Theodosioua, Fotini Melloua, Athanasia Varvaresoua,b, Spyridon Papageorgioua,b, 
Apostolos Papadopoulosa,b

aDivision of Aesthetics and Cosmetic Science, Department of Biomedical Sciences, University of West 
Attica, 28 Agios Spyridonos Str., 12243 Egaleo
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Hyaluronic acid (HA) is a natural component of the body and especially of the 
skin, which exerts an important role in its hydration, regeneration and healing 
process.
HA has shown a wide range of pharmacological activities such as anti-
inflammatory, immunomodulatory, antitumor, antidiabetic, antiaging and skin 
repair. Moreover, HA contributes in regulating various biological processes and 
maintaining homeostasis in the body.
However, with increasing age, HA is not reproduced as quickly as it is degraded, 
contributing to the atrophy, dehydration and loss of elasticity of the skin. In 
addition, exposure to UV radiation, pollutants and stress lead to increased HA 
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degradation and a subsequent decrease in its protection from free radicals, 
contributing further to premature aging.
The great potential of HA in cosmetic science has stimulated the interest of 
cosmetic industry which, through new technologies, can produce hyaluronic 
acid and several novel derivatives in order to increase both its residence time in 
various human tissues and its anti-inflammatory properties.  The present study 
includes different types and ways of incorporating HA into cosmetic products 
to optimize its dermal delivery as well as to increase the action of this cosmetic 
ingredient.
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The subject of this article is the incorporation of powerful antiox-
idants such as resveratrol (RVT), retinol (vitamin A), tocopherol (vi-
tamin E) and ascorbic acid (vitamin C) into alcoholic beverages such 
as red, white. , and rosé wine, and spirits such as tsipouro with the 
aim of enriching them and increasing the added nutritional value of the 
final products. Enrichment was achieved with substances, such as res-
veratrol, and the vitamins mentioned above, encapsulated in suitable 
food and beverage compatible matrices, such as cyclodextrins. This 
integration is expected to increase the antioxidant properties of alco-
holic beverages and, by extension, the nutritional and economic value 
of the final product. The substances used were placed in wines and 
spirits (tsipouro) at a specific concentration of 200mg of antioxidant in 
1000ml of alcoholic beverage and sampling was done at specified time 
intervals. The final-maximum values were evaluated and thus found 
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1.	 Introduction

According to recent research, France has low rates 
of cardiovascular events compared to other Euro-
pean countries despite consuming large amounts of 
fat in their daily diet. This is due to the regular but 
moderate consumption of wine, the so-called French 
paradox, which helps us understand how these low 
rates are explained1,2. It has been observed that the 
phenolic compounds abundant in red wine in par-
ticular may be responsible for the good health of the 
people of France. Although the mechanisms of action 
are not yet fully understood, it is known that pheno-
lics behave as free radical scavengers due to being 
powerful antioxidants. It has also been shown that 
they can protect the human body from bad choles-
terol3,4. 

Substances such as resveratrol and vitamins that 
have high antioxidant, antimicrobial and other prop-
erties should be taken daily in specific amounts to 
strengthen the human body. Alcoholic beverag-
es, such as wine, contain certain amounts of these 
substances, such as resveratrol, but for the average 
person to get the specific amounts they need of 
these substances they would have to consume large 
amounts of beverages, and this is something that is 
not we want. So the uniqueness of this research is 
to try to enhance these products by adding these 
substances to them, so that with the consumption of 
about one to two glasses, as stated as the daily con-
sumption of wine according to the World Health Or-
ganization (WHO), the average man receives, if not 
the whole, at least half the amount he needs from 
these substances.

The substances used are resveratrol, a natural sub-
stance of the class of phytoalexins with the basic 
structure of stilbenes, and vitamins such as vitamin E 

(tocopherol), vitamin C (ascorbic acid) and vitamin A 
(retinol). 

1.1 Wine

Esters are qualitatively the main components of 
wines in addition to water, ethanol and alcohols, main 
quantitative components. Epidemiological studies 
from many different populations reveal that people 
with a habit of moderate daily wine consumption en-
joy significant reductions in all-cause and especially 
cardiovascular mortality compared to abstainers or 
heavy drinkers. Researchers are working to explain 
this observation in molecular and nutritional terms. 
Moderate ethanol intake from any type of beverage 
improves lipoprotein metabolism and reduces the 
risk of cardiovascular mortality. The question now is 
whether wine, particularly red wine with its abun-
dant content of phenolic acids and polyphenols, 
offers additional health benefits. Discovering the 
nutritional properties of wine is a challenging task, 
requiring the biological actions and bioavailability 
of >200 individual phenolic compounds to be doc-
umented and interpreted within the social factors 
that stratify wine consumption and the myriad ef-
fects of alcohol. A further challenge arises because 
the health benefits of wine relate to the prevention of 
slowly developing diseases for which validated bio-
markers are rare. Scientific research has shown that 
molecules present in grapes and wine alter cellular 
metabolism and signaling, which is mechanistically 
consistent with reducing arterial disease5,6. 

1.2 Tsipouro

Tsipouro has from 36 to 45 alcoholic degrees. Its 
main difference with Cretan raki is that tsipouro is 

the antioxidant activity measured by two methods DPPH, ABTS and 
the total content of phenolic compounds measured by the Folin-Cio-
calteau method. Finally, the enriched alcoholic beverages were sub-
jected to an organoleptic test in order to determine any alterations 
due to the addition of antioxidants. 
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usually double-distilled and often in some regions 
different spices such as anise are added. It should 
not be confused with ouzo, the popular Greek drink 
with a different preparation method.

The production of tsipouro is lost in the depths of 
time, but it is said to have started in the 14th century 
on Mount Athos by monks who lived there. Over the 
years it spread to different parts of Greece, mainly in 
Macedonia, Epirus, Thessaly, Peloponnese and Crete.

The raw material for the production of spirits is 
the stem, i.e. the mass that remains after the pulp of 
the grapes, from which the wine is produced.

Tsipouro can be produced from stems from red 
winemaking with a smaller or larger amount of wine 
in them. In addition, they can be used separately, from 
the main volume of must, which comes from white 
grapes, but also from red grapes, which have been 
used to produce rosé or white wine by direct pressing.

Often tsipouro is distilled a second time, as in this 
way its quality is improved. 

1.3 Vitamins and resveratrol

Vitamin C is a water-soluble vitamin, a white to 
off-white “powder”, which has a carbohydrate chem-

ical structure and takes part in metabolic processes 
mainly of animal organisms7.

Vitamin E is a fat-soluble vitamin, of a light yellow 
color and an oil-like form with a very slight charac-
teristic odor. A substance practically insoluble in wa-
ter and miscible in any proportion with oils, acetone, 
alcohol, chloroform, ether and other fatty solvents, it 
is the main fat-soluble antioxidant agent of the anti-
oxidant defense system of cells8.

Vitamin A is a fat-soluble vitamin, yellow-orange 
in color and of “sticky” texture. It is necessary for the 
proper functioning of the retina of the eye9.

The compound resveratrol (resveratrol, RVT) is a 
natural substance of the class of phytoalexins with 
a basic structure of stilbenes. Resveratrol (RVT) is 
mainly found in high concentrations in the skin of 
grapes and especially red grapes, nuts, berries (mul-
berries, blueberries, cranberries, bilberries) and in 
smaller quantities has been found in 70 more plant 
products. The content of resveratrol (RVT) in the 
skin of fresh, red grapes is 50-100 µg/g, while in red 
wine it can be found in concentrations of 1.5-3 mg/L. 
In white wine it can be found in smaller quantities 
because the fermentation of the wine is carried out 
after removing the skins of the grapes. Resveratrol 

3. RESULTS AND DISCUSSION 

Evaluation of DPPH radical scavenging capacity of wine and tsipouro 

samples 

    Scheme 1. Standard reference curve with trolox for the DPPH method 
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(RVT), like other phytoantioxidants, is a natural 
component of plants with antibiotic activity to pro-
tect against fungi and oxidative damage. It is a color-
less to pale yellow crystalline substance (depending 
on its purity). It is a natural substance of the class of 
phytoalexins and has the basic structure of stilbenes. 
With a strong antioxidant effect10.

1.4 Antioxidants

The more we burn, and therefore the more oxygen 
we use, the greater our need for antioxidant protec-
tion. All cells need protection from free radicals and 
more so the brain which, despite weighing only 2% 
of our weight, uses 20% of the oxygen we breathe. 
The body produces antioxidant enzymes that neu-
tralize free radicals, but with age the amount of these 
enzymes decreases. So we need to get antioxidant 
molecules from the diet which easily provide the 
electrons to the free radicals. Antioxidant substances 
are an ally in protecting the body against aging and 
serious diseases. Antioxidants are substances that 
inhibit - prevent the oxidation (destruction) of cells. 
The oxidation process causes cell damage through 

the production of free radicals. Air pollution, solar 
radiation, stress, smoking and some foods (fried 
foods) are some of the most important factors in the 
formation of free radicals. Free radicals are particu-
larly harmful to cells and are very likely to cause irre-
versible damage (i.e. changes in either cell morphol-
ogy or function, resulting in diseases such as cancer, 
heart disease, neurodegenerative conditions, etc.). 
Antioxidants are substances that prevent or slow 
down the oxidation of food components caused by 
atmospheric oxygen. Most antioxidants are aromatic 
compounds, possessing at least one free hydroxyl or 
amine group11,12. 

2. MATERIALS AND METHODS

2.1 Materials

Specific methods were used to conduct the exper-
iments, and below are mentioned all the machines, 
and reagents that were used to conduct the experi-
ments. The machines and reagents used for the ana-
lyzes are:
•	ASCORBIC ACID A.G. (vitamin C), 99, 5%, 

Scheme 2. Final results (after 1500 hours) of red wine ...with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the DPPH method 

0 10 20 30 40 50 60 70

RES

VITC

VITE

VITA

Concentration (mg/ml)

m
g 

TR
OL

OX
 / 

10
0m

l
Red wine with DPPH method 

0 5 10 15 20 25 30 35 40

RES

VITC

VITE

VITA

Concentration (mg/ml)

m
g 

TR
OL

OX
 / 

10
0m

l

White wine with DPPH method

Lagoutari et al, Pharmakeftiki, 36, I, 2024 | 10-26

Lagoutari et al, Φαρμακευτική, 36, I, 2024 | 10-26



14

MW=176, 13 gr/mol, PENTA;
•	DL-a-Tocopherol (vitamin Ε), 96%, MW=430, 72 

gr/mol, TCI;
•	all-trans-Retinol (vitamin Α), 95%, MW=286, 

4516 gr/mol, ACROS ORGANICS;
•	Resveratrol (RVT), 99%, MW=228, 25 gr/mol, 

TCI;
•	2,2-Diphenyl-1-picrylhydrazyl (DPPH), 95%, 

MW=394, 32 gr/mol, Alfa Aesar GmbH Co KG;
•	Trolox (6-hydroxy-2,5,7,8-tetramethyl-

chroman-2-carboxylicacid), 97%, C14H18O4, 
MW=250,29 g/mol CAS: 53188-07-01, Sig-
ma-Aldrich, Germany.
•	  Sodium Carbonate anhydrous(Na2CO3): Assay 

99,5-100,5%, MW=105,99 g/mol, CAS: 497-19-8, 
Carlo ΕΓ eagents, Italy 
•	 Gallic Acid: 3,4,5-Trihydroxybenzoic acid anhy-

drous 99%, C7H6O5, MW=170,12 g/mol, CAS: 149-
91-7, Alfa Aesar GmbH&Co KG, Germany 
•	 Potassium Persulfate (K2S2O8)
•	 Methanol 99,9%
•	 UV-Visible spectrophotometer, Novaspec III;
•	 Analytical balance: KERN ADJ, TechnoLab;

•	 Water bath, Heraus

2.2 Αnalysis Μethods

2.2.1 Measurement of antioxidants activity 
with the DPPH method

2.2.1.1 DPPH mother solution: The balance is 
set to zero with the beaker to be used and an amount 
of 0.0060g of DPPH is added to it with the help of a 
special spatula. Then, a small amount of methanol is 
added to the beaker at a time while stirring until the 
DPPH granules dissolve. Finally, place the contents 
of the beaker in a 250 ml volumetric flask and add 
methanol up to the mark. The solution should not be 
used immediately after preparation. Leave the solu-
tion in the dark for 30 minutes. It can be kept in the 
fridge for up to one day [13-16].

2.2.1.2 Trolox solution: The balance is zeroed 
with the beaker used and 0.0250g trolox is added to 
it with the help of a special spatula. These are dis-
solved in 90ml of methanol and the solution is trans-
ferred to a 100ml volumetric flask and made up to 

Scheme 2. Final results (after 1500 hours) of red wine ...with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the DPPH method 
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Scheme 3. Final results (after 1500 hours) of white wine ..with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the DPPH method 

Scheme 4. Final results (after 1500 hours) of pink wine with Resveratrol (RES), Viatmin C (VITC), 
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volume with deionized water (10ml).
2.2.1.3 Dilution of samples: The initial concen-

tration of the substances is 300 mg in 1000 ml of al-
coholic beverage. At a specified time, an amount of 
samples was taken, diluted and then measured. Red 
wine was diluted with 100 µl of red wine in 99.9 ml 
of methanol, rosé wine was diluted with 100 µl of 
rosé wine in 49.9 ml of methanol. The white wine 
and tsipouro were not diluted.

2.2.1.4 Experiment procedure

50μl of sample (standard or sample) and 1450μl 
of DPPH mother solution are added to an eppendorf 
with the help of pipettes.

After vortexing for 30 sec absorbance at a wave-
length of 517nm (t=0) is measured in wells. After 
30 minutes that the samples remained in the dark, a 
vortex is performed and the absorbance is measured 
again (t=30 sec). The spectrophotometer is zeroed 
with methanol.

From the two absorbances, the % difference in ab-

sorbance is calculated according to the formula:
%ΔA (517nm) = [A(0) – A(30)/ A(0)] × 100.
Through the trolox reference curve, the antioxi-

dant capacity is expressed in trolox equivalents.
Trolox solution: 0.0250g of trolox is dissolved in 

90ml of methanol and 10ml of deionized water.
For the standard reference curve, a Trolox solu-

tion with a concentration of 2mM (solution A) is 
prepared.

In 10 ml volumetric flasks, the corresponding 
amounts of 8, 6, 4, 2 ml of solution A are added and 
the volume is made up with pure methanol.

2.2.2 Measurement of antioxidants activity 
with the ABTS method

2.3.2.1 ABTS mother solution: The balance is set 
to zero with the beaker to be used and with the help 
of a special spatula the amount of 0.1801g ABTS and 
0.0331g K2S2O8 is added to it and we first dilute them 
with 20ml of deionized water. The solution is then 
added to a 50ml volumetric flask and deionized wa-

Scheme 3. Final results (after 1500 hours) of white wine ..with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the DPPH method 

Scheme 4. Final results (after 1500 hours) of pink wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the DPPH method 
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ter is added up to the mark. Leave the solution for 16 
hours in the dark at room temperature to acquire an 
intense deep blue color. Finally, we take 3.6ml of the 
initial solution prepared above, place it in a 250ml 
volumetric flask and dissolve it with 246.4ml of meth-
anol. Measure the absorbance which should be close 
to 0.700 when spectrophotometered at 734nm. The 
solution can be used immediately after its prepara-
tion. Keeps in the fridge for many days18-20.

2.2.2.2 Trolox solution: The scale is zeroed with 
the beaker to be used and 0.0250g of trolox is added 
to it with the help of a special spatula. These are dis-
solved in 90ml of methanol and the solution is trans-
ferred to a 100ml volumetric flask and made up to 
the mark with deionized water (10ml).

2.2.2.3 Dilution of samples: The initial concen-
tration of the substances is 300 mg in 1000 ml of al-
coholic beverage. At a specified time, an amount of 
samples was taken, diluted and then measured. Red 
wine was diluted with 100μl of red wine in 99.9ml of 
methanol, rosé wine was diluted with 100μl of rosé 
wine in 49.9ml of methanol. The white wine was di-
luted with 100μl of white wine in 49.9ml of metha-

nol and the tsipouro was not diluted.

2.2.2.4 Experiment procedure

50μl of sample (standard or sample) and 1450μl 
of ABTS mother solution are added to an eppendorf 
with the help of pipettes.

Strong vortexing is carried out for 30 sec and left 
in the vials to rest for 6 minutes, the absorbance is 
measured at a wavelength of 734 nm. The spectro-
photometer is zeroed with methanol.

From the two absorbances, the % difference in ab-
sorbance is calculated according to the formula:

%ΔA (734nm) = [A(δ) – A(6min)/ A(δ)] × 100.
Through the trolox reference curve, the antioxi-

dant capacity is expressed in trolox equivalents.
Trolox solution: 0.0250g of trolox is dissolved in 

90ml of methanol and 10ml of deionized water.
For the standard reference curve, a Trolox solu-

tion with a concentration of 2mM (solution A) is 
prepared.

In 10 ml volumetric flasks, the corresponding 
amounts of 8, 6, 4, 2 ml of solution A are added and 
the volume is made up with pure methanol.

Scheme 5. Final results (after 1500 hours) of tsipouro with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the DPPH method 
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2.2.3 Measurement phenolic compounds by 
the Folin-Ciocalteau method

2.2.3.1 Anhydrous Sodium Carbonate Solution: 
The scale is set to zero with the beaker to be used 
and with the help of a special spatula, 50.00g of an-
hydrous sodium carbonate is added to it, which is 

dissolved in deionized water using very mild heat-
ing and simultaneous stirring. Once dissolved, it is 
placed in a 250ml volumetric bottle and the bottle is 
filled with deionized water up to the mark. It is then 
left at room temperature and in the absence of light 
for 24 hours. Then by using filter paper the content 
is filtered and not diluted. The solution can be used 

Scheme 6. Standard reference curve with trolox for the ABTS method 

Scheme 7. Final results (after 1500 hours) of red wine with 1) resveratrol, 2) vitamin C, 3) vitamin E, 

4) vitamin A, for the ABTS method 
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Scheme 8. Final results (after 1500 hours) of white wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the ABTS method 

Scheme 9. Final results (after 1500 hours) of pink wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the ABTS method 
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Scheme 8. Final results (after 1500 hours) of white wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the ABTS method 

Scheme 9. Final results (after 1500 hours) of pink wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the ABTS method 
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Scheme 10. Final results (after 1500 hours) of tsipouro with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the ABTS method 

Calculation of the total phenolic components (Total Phenolic Content, TPC) 
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immediately after its preparation. It keeps for many 
days16,17.

2.2.3.2 Folin-Ciocalteu solution: 
Folin-Ciocalteu solution is commercially available, 

not prepared by us.
2.2.3.3 Gallic Acid Solution: 
The balance is set to zero with the beaker to be 

used and 0.50g of gallic acid is added to it with the 
help of a special spatula. These are dissolved in 90ml 
deionized water and the solution is transferred to 
a 100ml volumetric flask and made up to the mark 
with ethanol (10ml). The solution stays for two 
weeks.

2.2.3.4 Dilution of samples: 
The initial concentration of the substances is 300 

mg in 1000 ml of alcoholic beverage. At a specified 
time, an amount of samples was taken, diluted and 
then measured. Red wine was diluted 100μl of red 
wine in 99.9ml of deionized new, rosé wine was di-
luted with 100μl of rosé wine in 49.9ml of deionized 
water. White wine was diluted with 100μl of white 

wine in 49.9ml of deionized water and tsipouro was 
diluted with 100μl of tsipouro in 24ml of deionized 
water.

2.2.3.5 Experiment procedure

20μl of sample (standard or sample) and 1450μl 
of deionized water are added to an eppendorf and 
100μl with the help of pipettes. We vigorously stir 
for 30sec in the vortex and let it rest for 8 minutes, 
add 300μl of anhydrous sodium carbonate and again 
vigorously stir for 30sec in the vortex.

We place the sample in the wells and cover them 
with parafilm and place them for 30 minutes in the 
water bath at 40oC. As soon as they acquire a blue 
color and have returned to room temperature, spec-
trophotometer at 750nm. The spectrophotometer is 
zeroed with deionized water.

Phenolics are expressed through the reference 
curve in gallic acid.

Gallic Acid Solution: 0.50g gallic acid is dissolved 
in 90ml deionized water and 10ml ethanol.
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Scheme 11. Standard reference curve with gallic acid for the FC method 

 

 
Scheme 12. Final results (after 1500 hours) of red wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the FC method 
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Scheme 13. Final results (after 1500 hours) of white wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the FC method 

 
Scheme 14. Final results (after 1500 hours) of pink wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the FC method 
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Scheme 13. Final results (after 1500 hours) of white wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the FC method 

 
Scheme 14. Final results (after 1500 hours) of pink wine with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the FC method 
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Scheme 15. Final results (after 1500 hours) of tsipouro with Resveratrol (RES), Viatmin C (VITC), 

Vitamin E (VITE),Vitamin A (VITA), for the FC method 
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A gallic acid solution (solution A) is prepared for 
the standard reference curve.

In 10 ml volumetric flasks, add the proportional 
amounts of 2.5/2.0/1.5/1.0/0.5 ml of solution A and 
make up the volume with deionized water.

3. Results and discussion

The same treatment and the measurement of their 
antioxidant activity were applied to all samples.

However, each method applied (DPPH, ABTS, Fo-
lin-Ciocalteu) has a different photometric response 
from the samples, while the dilutions made were 
found experimentally and applied for each sample 
separately.

3.1 Evaluation of DPPH radical scavenging ca-
pacity of wine and tsipouro samples

Assessment of the DPPH radical scavenging ca-
pacity of samples of vitamins A, E, C and resveratrol 
is a method widely used to assess the antioxidant 
capacity of samples of plant origin. To estimate the 
antiradical capacity of the samples, mg Trolox equiv-

alents per 100ml of solution were calculated based 
on a standard Trolox curve.

Based on the diagram above, we notice that all four 
substances we added to the wine had positive effects. 
More specifically, resveratrol gives the best rates of 
antioxidant capacity based on the reference curve 
and trolox equivalents, 65.77mg/100 ml of solution, 
followed by vitamins C, A, and E, whose results are 
55.99mg/100 ml of solution 56.24mg /100ml of 
solution 56.57mg/100ml of solution.

Based on the diagram above, we notice that all four 
substances we added to the wine had positive effects. 
More specifically, resveratrol gives the best rates of 
antioxidant capacity based on the reference curve 
and trolox equivalents, 33.60mg/100 ml of solution, 
followed by vitamin C with 31.90mg/100 ml of solu-
tion, vitamin A with 31.75mg/ 100ml of solution and 
finally vitamin E 30.00mg/100ml of solution. 

Based on the diagram above, we notice that all 
four substances we added to the wine had positive 
effects. More specifically, vitamin C gives the best 
rates of antioxidant capacity based on the reference 
curve and trolox equivalents, 46.99mg/100 ml of 
solution, followed by the sample with resveratrol 
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with 43.02mg/100 ml of solution and vitamin E with 
42.67mg/100ml of solution which give very good re-
sults and finally vitamin A with 34.01mg/100ml of 
solution whose results are also satisfactory. 

Based on the diagram above, we notice that all four 
substances we added to the wine had positive effects. 
More specifically, vitamin E gives the best rates of an-
tioxidant capacity based on the reference curve and 
trolox equivalents, 24.46mg/100ml of solution, fol-
lowed by resveratrol with 21.31mg/100ml of solu-
tion, vitamin A with 17.35mg/100ml solution and 
finally vitamin C with 15.66mg/100ml of solution. 

3.2 Estimation of ABTS free radical scavenging 
of wine and tsipouro samples

An estimate of the antioxidant capacity of the 
studied samples is given by means of the ABTS+ rad-
ical inhibition test. The results are expressed as mg 
trolox equivalents per 100ml of solution and with 
the percentages of root inhibition from each sample. 
The concentration of the samples is calculated using 
a trolox standard curve.

Based on the diagram above, we notice that all 
four substances we added to the wine had positive 
results and their values are all very close. More spe-
cifically, resveratrol with 76.16mg/100ml of solu-
tion is followed by vitamin C with 74.90mg/100ml 
of solution, next is vitamin A 74.15mg/100ml of 
solution and finally vitamin E with 74.05mg/100ml 
of solution. 

Based on the diagram above, we notice that all 
four substances we added to the wine had positive 
results and their values are all very close. More spe-
cifically, resveratrol with 70.82mg/100ml of solu-
tion is followed by vitamin C with 70.57mg/100ml 
of solution, next is vitamin A 70.28mg/100ml of 
solution and finally vitamin E with 57.28mg/100ml 
of solution. 

Based on the diagram above, we notice that all four 
substances we added to the wine had positive results 
and their values are all very close. More specifically, 
resveratrol with 70.28mg/100ml of solution is fol-
lowed by vitamin C with 69.93mg/100ml of solution, 
next is vitamin E 69.91mg/100ml of solution and fi-

nally vitamin A with 69.90mg/100ml of solution. 
Based on the diagram above, we notice that all 

four substances we added to the wine had positive 
results and their values are all very close. More spe-
cifically, vitamin E with 72.28mg/100ml of solution 
is followed by vitamin A with 70.57mg/100ml of 
solution, next is resveratrol with 70.48mg/100ml of 
solution and finally vitamin C with 60.28mg/100ml 
of solution. 

3.3 Calculation of the total phenolic compo-
nents (Total Phenolic Content, TPC) determined 
by the FOLIN-CIOCALTEU method

The estimation of the total phenolic content was 
done with the Folin-Ciocalteu method. To extract the 
results, the standard curve is constructed graphical-
ly, through which the concentration of the phenolic 
components of the samples is calculated, expressed 
in gallic acid equivalents (Gallic Acid Equivalents, 
GAE).

Based on the diagram above, we notice that all four 
substances we added to the wine had positive results 
and their values are all close. More specifically, the 
largest amount is resveratrol with 48.1mg, followed 
by vitamin E with 45.9mg, next is vitamin A 43.9mg 
and finally vitamin C with 39.5mg. 

Based on the diagram above, we notice that all four 
substances we added to the wine had positive results 
and their values are all close. More specifically, the 
largest amount is vitamin E with 41.7mg, followed 
by resveratrol with 39.9mg, next is vitamin A 37.9mg 
and finally vitamin C with 37.5mg. 

Based on the diagram above, we notice that all 
four substances we added to the wine had positive 
results and their values are all close. More specifical-
ly, resveratrol has the largest amount with 45.5mg, 
followed by vitamin C with 43.4mg, next is vitamin A 
38.2mg and finally vitamin E with 37.3mg. 

Based on the diagram above, we notice that all four 
substances we added to the wine had positive re-
sults and their values are all close. More specifically, 
resveratrol has the largest amount with 43.5mg, fol-
lowed by vitamin E with 37.9mg, the next is vitamin 
C 36.7mg and finally vitamin A with 35mg. 
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3.4 Organoleptic test

The organoleptic evaluation was done by 22 peo-
ple aged 18 to 30, 12 women and 10 men. Based on 
their evaluations, we have the following results.

The color in all four complexes that have been 
produced, when we integrated them into the wines 
and the tsipouro has not changed at all.

The aroma in all four complexes that have been 
produced, when we incorporated them into the 
wines and the tsipouro did not affect it at all.

Finally, the taste of all four complexes that have 
been produced, when we integrated them into the 
wines and the tsipouro, has not been affected at all.

All of the above applies to all the concentrations 
we have placed in wines and tsipouro.

From the above, it follows that the wines and 
tsipouro produced at the end can be accepted by 
consumers, since their organoleptic characteristics 
have not undergone any changes. 

4. Conclusions 

The recorded results are the final ones after 1500 
hours of experiments. We notice that with the DPPH 
and ABTS methods red, white and rosé wine as well 
as tsipouro with the addition of the four substances 
that are resveratrol, vitamin C, vitamin E and vita-
min A show us that the increase has been achieved 
of their antioxidant capacity.

In more detail we see that there are increases in 
white wine, rosé and red wine for all four substances 
incorporated. The darker red and rosé wines show a 
greater increase in antioxidant capacity than white 
wine and tsipouro. The positive effect of the four 
substances included in them in terms of increasing 
their antioxidant property is proven.

Total phenolics were measured by the Folin Cio-
calteu method. The increase of phenolics was also 
observed and we see that the results are the same 
as those of antioxidants, the highest percentages are 
observed in red wines, followed by rosés and then 
whites and tsipouros. Darker wines also show a 
greater increase than white wine and tsipouro.

The correlation of the results for the total pheno-

lics of the wine and its antioxidant capacity is high.
It is also observed that between the two antioxi-

dant methods dppi and avcs the results have a very 
high correlation.

It should also be mentioned that the wines and 
the tsipouro have not undergone oxidation during 
the experiment or any other alteration because the 
experiment was completed in a relatively short 
time after the incorporation of the substances and 
with great care so that they did not come into con-
tact with the air, protected from the light and at an 
appropriate temperature (ambient temperatures).

Red wine has the largest percentage increase in 
all three methods, followed by rosé, white wine and 
tsipouro. The results of the DPPH and ABTS meth-
ods are identical, which means that the results are 
correct, as are the results of the Folin Ciocalteu 
method. Finally, from the organoleptic control it 
appears that the final products are of high quality 
and absolutely safe and stable and suitable for con-
sumption by consumers. 
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Type 2 diabetes mellitus is a severe and increasingly prevalent disease 
that is considered as a serious public health. The purpose of this study 
was to identify novel and more efficient alpha glucosidase inhibitors us-
ing molecular docking approach and to determine the mode of interac-
tion during the binding of those inhibitors to the enzyme. 
The molecular docking method using the active site of alpha glucosi-
dase and the drug likeness prediction were successful in identifying 
new products that were predicted to have a high negative binding en-
ergy to the target protein compare to the reference drug, acarbose. 
The compounds 6-O-[4-O-[4-[[(1S)-4beta,5alpha,6beta-Trihydroxy-
3-(hydroxymethyl)-2-cyclo-hexene-1beta-yl]amino]-4,6-dideoxy-al-
pha-D-glucopyranosyl]-alpha-D-glucopyrano-syl]-L-ascorbic acid 
(CID101184779) and methyl alpha-R-acarviosinide (CID102067844) 
are the best, they showed excellent in silico activity with energy inter-
action of -49.1218 kJ/mol and -45.8468 kJ/mol respectively. The inter-
actions that govern the complexes alpha glucosidase-proposed prod-
ucts stability are principally hydrogen bonds. These compounds were 
predicted to have satisfying drug likeness properties, they can serve as 
leads for further type 2 diabetes treatment.

ABSTRACT
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1. Introduction

Type 2 diabetes is a major public health problem 
worldwide. Current World Health Organization 
statistics indicate that this disease will affect 642 
million people by the year 20401-3. Persistently high 
blood sugar levels can lead to severe complications, 
like blindness, kidney failure, neuropathy, heart 
attacks and lower-extremity amputation2-9.

Treatment of type 2 diabetes involves diet and 
physical activity along with lowering of blood 
sugar10,11. Essential medications listed by World 
Health Organization to treat this disease and its 
complications are sulfonylureas and biguanides6,12. 
Those treatments simulate insulin secretion even 
at hypoglycaemia. In contrast, alpha glucosidase 
inhibitors retard the absorption of glucose and 
decrease the postprandial blood glucose levels by 
delaying the digestion of carbohydrates that are 
transformed into simple sugars and absorbed by 
the intestines13-16. Therefore, the alpha glucosidase 
inhibitors can be developed into effective therapeutic 
drugs to treat this disease. 

The purpose of this study was to analyze the 
interactions involved in the inhibition of the alpha 
glucosidase by the acarbose, the first approved drug 
in alpha-glucosidase inhibitor17-20, and a collection 
of its analogues by means of applying the molecular 
docking method followed by a computational drug 
likeness prediction, with a view to discover novel and 
more efficient alpha glucosidase inhibitors as new 
antidiabetic agents.

2. Materials and methods

Molecular docking approach has become an 
essential tool for drug development21-23. It can be 
used to screen the interactions between a variety 
of small compounds and proteins at the atomic 
level24,25, which allow to characterize the behavior 
of small compounds in the binding site of target 
proteins26-28.

2.1. Program used

Affinity and binding interactions between 

ligands and target proteins play an important 
role in bioactive compounds’ discovery29,30. FlexX 
is a fast calculation program suited for molecular 
docking (https://www.biosolveit.de/). It is able 
to dock ligands in an environment consisting of 
amino acids with good accuracy31,32. The resulting 
poses were given as a binding free energy (ΔG, kJ/
mol).

2.2. Molecular structures preparation

In this study we selected the alpha glucosidase 
as target; its three dimensional structure was 
retrieved from the Protein Data Bank (PDB ID: 
3W37)33. This enzyme has one chain. In the 
structure preparation, the co-crystal inhibitor 
(acarbose) was used to identify the active site. 
The amino acids Asp232, Ile233, Ala234, Ser235, 
Phe236, Asn237, Leu240, Tyr243, Cys327, Arg328, 
Trp329, Asp357, Ile358, Ile396, Asp398, Trp432, 
Trp467, Asp469, Met470, Glu472, Ser474, Phe476, 
Arg552, Trp565, Gly567, Asp568, Asn569, Asp597, 
Phe601, Ala602, Arg624, His626, Ser627, Ala628 
and four water molecules (HOH1117, HOH1166, 
HOH1171 and HOH1324) were found to be present 
in the ligand-binding site of the proposed target 
protein.

The three dimensional structures of 239 analogues 
compounds to acarbose, a potent alpha glucosidase 
inhibitor17,18, were downloaded in the SDF file format 
from PubChem database (https://pubchem.ncbi.
nlm.nih.gov/), an open chemistry library.

2.3. Drug Likeness and Toxicity Prediction 

The physico-chemical and pharmacokinetic 
properties of the best alpha glucosidase inhibitors 
obtained in the molecular docking study were 
predicted using SwissADME at http://www.
swissadme.ch/ and PreADMET at https://
preadmet.bmdrc.kr/. These properties consist 
of Lipinski’s rule, gastrointestinal absorption 
(GI), blood-brain barrier permeability (BBB), 
Cytochrome P450 (CYP) inhibition, cell 
permeability (COCA-2) [34,35] and toxicity36,37. 
The same proprieties of acarbose, the reference 
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inhibitor, were also studied for comparison.

3. Results and discussion

3.1. Test the reliability of the FlexX protocol. 

Before starting molecular docking study of 
alpha glucosidase-inhibitors, the performance of 
FlexX protocol was validated by calculating the 
Root Mean Square Deviation (RMSD) value of 100 
complexes protein-ligand crystal structures from 
PDB. It is a metric that measures distances between 
the experimental and the docking conformations 
of a ligand. The predicted interacting mode was 
considered correct if the RMSD was ≤ 2Å38-40. In our 
results, FlexX reproduced well the experimental 
data. Indeed, 74 % of RMSD values were less than 
2Å (Table 1) which indicates the capacity of the 
FlexX protocol to reproduce the interaction mode 
and orientation of a co-crystal ligand38,39,41.

For example, Figure 1 shows that there was a 
negligible deviation between docked pose (colored 
in green) and experimental conformation (colored in 
grey) of the ligand PZF from the complex 2QJR in the 
PDB.

3.2. Interactions between the alpha 
glucosidase and the acarbose.

Acarbose is an alpha glucosidase inhibitor used 

for the management of glycemic control in patients 
with type 2 diabetes mellitus17,18. 

Interesting interactions were detected between 
alpha glucosidase residues and acarbose with 
high number of matches (16 matches) and high 
interaction energies values (-51.0329 kJ/mol of the 
matched interacting groups, -11.0899 kJ/mol of the 
lipophilic contact area and -13.7975 kJ/mol of the 
lipophilic-hydrophilic contact area), but the effect of 
rotatable bonds has been carried out, they decreases 
the total score of the docking solution to -36.9770 kJ/
mol. The interactions are represented in the figure 2.

The hydrophobic and hydrogen bonds play 
very important roles in the interactions between 
acarbose and alpha glucosidase33,42, which were 
confirmed sufficiently by molecular docking 
(Figure 2).

Acarbose makes several hydrogen bonds with 
amino acid residues (Asp232, Ala234, Asn237, 
Asp357, Arg552, Asp568, His626) and water 
molecules (HOH1117, HOH1324) of the binding 
pocket. In particular, the hydroxyl functions are 
involved in twelve hydrogen bonds. The visual 
analysis shows that the acarbose is well placed in 
the active site of the enzyme.

3.3. Highlighting new alpha glucosidase- 
inhibitors.

In order to find new and more effective inhibitors 

Figure 1. Overlay of co-crystal ligand PZF conformation extracted from 2QJR (in grey) with the best 

predicted pose (in green) (RMSD = 0.4886 Å). 

3.2. Interactions between the alpha glucosidase and the acarbose 
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Table 1. List of 100 complexes protein-ligand used to test the reliability of the docking protocol.
Code RMSD (Å) Code RMSD (Å) Code RMSD (Å) Code RMSD (Å)
1N1M 0.8030 3U7K 1.0179 2OQV 2.5090 2RIP 0.8829
1RWQ 1.6348 3SW8 2.0223 2P8S 1.7092 3K6L 0.8551
1X70 1.5342 2JID 0.8598 2QJR 0.4886 3C43 1.6716
2IIT 3.8011 4XPP 0.2931 2QOE 0.9268 3C45 1.8198
2GBI 2.0103 2OGZ 0.8708 2QT9 1.0875 3D4L 0.5575
2HHA 1.3248 2OLE 2.7875 2QTB 1.1471 3EIO 0.8963
2IIV 2.2418 2OPH 1.8343 2RGU 2.4373 3F8S 3.2153
3HAC 0.6211 3KWF 0.9773 3Q8W 1.8931 3SWW 4.8521
3HAB 0.9496 3KWJ 0.6746 3Q0T 5.2147 3SX4 4.9621
3E3U 1.2365 3NOX 4.5824 3QBJ 0.6197 3VJK 0.7595
5IED 0.3611 4DTC 1.1580 5J3J 0.7802 1OBB 3.3599
2EVC 2.7772 4J3J 2.8476 5Y7H 1.9666 5IEF 0.8339
3W2T 2.7145 5CWX 1.5747 5ZID 0.8169 7KRY 3.7367
3WQH 6.9625 1G2A 0.9587 5CX0 1.2762 7JTY 1.4977
2P98 0.5356 2AI7 1.5942 6DVV 2.6990 7K9O 3.0306
2P99 0.7963 4PV7 1.4821 2FH6 0.4470 1QXW 1.4071
2P9A 2.3450 5IEE 0.3061 2JKP 2.9075 1QXY 1.0411
2Q92 4.9934 1XNZ 0.9027 1WKM 1.6527 1YVM 1.6479
2Q93 0.6113 2EVM 0.4550 2GU4 5.7783 2P98 0.5356
2Q94 1.2446 2EVO 1.9830 2GU5 1.1365 2GU6 0.8152
2Q95 1.8514 4Z7M 2.7377 1LRU 1.0040 4E9A 0.8025
2Q96 2.0087 5YOI 0.9888 1LRY 1.1355 3U7N 1.2291
3D27 1.3443 5YPD 1.0600 1Q1Y 2.7251 5CY8 0.8709
5YOH 2.4179 5YXF 1.2702 2AI8 1.8357 3U7L 1.3475
1IX1 1.1419 5IED 0.3611 2AIE 4.9591 3U04 0.9670

of alpha glucosidase enzyme, we had taken 
compound acarbose as starting structure and we 
performed the molecular docking of a collection of 
239 acarbose analogues from PubChem database 
using FlexX. The results are presented below in 
Table 2.

The results of the simulation by FlexX of the 
compound acarbose and its similar are presented 
in Table 2. In 46 cases, the binding energy of the 

compounds acarbose derivatives was increased.
Of the 239 inhibitors tested, the similar 6-O-[4-

O-[4-[[(1S)-4beta,5alpha,6beta-Trihydroxy-3-
(hydroxymethyl)-2-cyclohexene-1beta-yl]amino]-
4,6-dideoxy-alpha-D-glucopyranosyl]-alpha-D-
glucopyranosyl]-L-ascorbic acid (CID101184779) 
forms the most stable complex alpha glucosidase-
inhibitor and had the best inhibitory effect with a 
binding energy value of -49.1218 kJ/mol, followed 
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Figure 2. Docking result for compound acarbose. Hydrogen bonding is represented by dotted lines and 

hydrophobic interactions are represented by green lines. 

 

3.3. Highlighting new alpha glucosidase- inhibitors 

Table 2.

PubChem ID ΔG 

(kJ/mol) 

PubChem ID ΔG 

(kJ/mol) 

PubChem ID ΔG 

(kJ/mol) 

Table 2. FlexX score of 239 acarbose derivatives in alpha glucosidase binding site.
PubChem ID ΔG

(kJ/mol)

PubChem ID ΔG

(kJ/mol)

PubChem ID ΔG

(kJ/mol)
Acarbose -36.9770 CID156617917 -35.7313 CID90904637 -30.6920

CID163058885 -26.9460 CID156616906 -37.3103 CID90744171 -34.9396
CID101101475 -30.5559 CID156616596 -34.7068 CID90448344 -18.6382
CID70682078 -35.8019 CID156616595 -40.0248 CID90304936 -40.3799

CID197426 -31.0900 CID154702964 -28.8911 CID90304934 -32.3249
CID127767 -18.5236 CID163048502 -18.0257 CID89388686 -35.9863

CID131875583 -35.3560 CID154925673 -35.8364 CID89388654 -30.8778
CID101998608 -15.0282 CID141618198 -28.5518 CID87990761 -36.7845
CID86583399 -18.1523 CID134969637 -40.2381 CID78225312 -20.3393

CID449165 -14.4176 CID129837378 -34.7273 CID78225164 -26.4104
CID449164 -42.3869 CID125462883 -27.6094 CID73265284 -26.7620

CID163094043 -36.3991 CID122706040 -21.3319 CID71167118 -28.7956
CID145948806 -21.9028 CID122627482 -34.7818 CID71167117 -32.1001
CID131881950 -34.7627 CID9811704 -30.8392 CID71167116 -35.8606
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CID100966752 -40.4070 CID3068765 -33.1258 CID71167077 -34.5229
CID70692640 -31.9477 CID90659860 -7.1240 CID71167075 -44.1107

CID131864693 -37.5345 CID46936908 -26.7290 CID71104404 -32.1565
CID70690487 -30.3509 CID160278855 -22.4250 CID71095954 -42.6304
CID70684192 -40.9240 CID162996640 -17.0996 CID71095952 -38.2795

CID66563683 -26.8012 CID121353418 -36.1876 CID66769438 -36.4586
CID46936699 -22.2351 CID91860852 -17.1377 CID145710693 -23.1081
CID46936518 -21.3846 CID91858193 -5.7402 CID147207264 -30.3563
CID46936324 -31.7483 CID91820480 -11.5324 CID68920480 -21.2490
CID17753825 -35.3533 CID91242099 -40.2636 CID68920478 -18.2420
CID5288404 -23.5093 CID91144966 -28.1567 CID68253726 -36.4393
CID444440 -40.8956 CID91109839 -30.5945 CID68023871 -25.3597

CID58960848 -23.6526 CID90995832 -39.9008 CID67969547 -38.1910
CID156618806 -36.3284 CID90941376 -34.3737 CID67718293 -36.4586
CID156618023 -29.6143 CID90928298 -31.1913 CID102033884 -14.1910
CID67363027 -35.4586 CID60040995 -21.9217 CID58618606 -42.2921
CID66769873 -35.4586 CID59701768 -31.2850 CID58618603 -23.6526

CID145710463 -26.9481 CID59701767 -21.3149 CID58618601 -27.5662
CID163058886 -21.1187 CID59366485 -21.9448 CID58618596 -37.9530
CID60041231 -25.4010 CID59366481 -24.4032 CID58618589 -18.6287
CID60041190 -26.3186 CID59366479 -23.9237 CID58618572 -37.2868
CID60041176 -24.0122 CID58960860 -28.2377 CID58618562 -19.2673
CID60041167 -32.5352 CID58960858 -20.6360 CID58618561 -30.7750
CID60041164 -26.4273 CID58960857 -21.7995 CID58618553 -37.6301
CID60041160 -25.3650 CID58960855 -23.6526 CID56672287 -28.5771
CID60041132 -21.3145 CID58960848 -23.6526 CID56668330 -31.0523
CID60041127 -26.0933 CID58960819 -21.5995 CID53386870 -28.7740
CID60041087 -36.5397 CID58960799 -18.9084 CID53386869 -28.4502
CID60041086 -43.4855 CID58618651 -37.2868 CID44629528 -34.9810
CID60041081 -31.7923 CID58618640 -18.8126 CID22800533 -37.2351
CID60041079 -32.5352 CID58618637 -20.6360 CID16052760 -35.3875
CID60041059 -21.9217 CID58618631 -27.3690 CID16040286 -39.0805
CID60041050 -36.7275 CID58618626 -21.5995 CID10689257 -28.2871
CID60041046 -25.0058 CID58618622 -21.6850 CID10403776 -40.0907
CID60041031 -21.6653 CID58618613 -25.9726 CID10042676 -40.0907
CID60041017 -26.4273 CID58618611 -31.2175 CID5288403 -22.1023

Table 2, continued.
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CID17754036 -21.8558 CID10614514 -30.7789 CID5288026 -43.8635
CID24830935 -7.7636 CID10627975 -25.5630 CID508375 -37.7810
CID24838414 -27.8225 CID10699545 -21.7142 CID448897 -40.9984
CID24971174 -38.1214 CID10770622 -24.5315 CID131704236 -42.3437
CID24971175 -40.6866 CID10815496 -38.6004 CID71604313 -23.6446
CID44561541 -36.6705 CID10883911 -26.5026 CID11968287 -27.6857
CID44891366 -37.7887 CID10927511 -23.7673 CID6852184 -26.1927

CID162984345 -27.7169 CID11215971 -11.5718 CID5287619 -41.6100
CID71421398 -16.1345 CID11779734 -32.9689 CID6917714 -22.8783
CID71481137 -36.7845 CID15144126 -22.7792 CID10055145 -33.4036
CID86301314 -379690 CID16052281 -32.9757 CID10070575 -15.4437

CID145710311 -23.6518 CID16052698 -34.0885 CID10085441 -34.7771
CID101005739 -42.3562 CID16052758 -39.8965 CID10258648 -23.5093
CID101184779 -49.1218 CID16057149 -35.3453 CID10381259 -30.5072
CID101184780 -39.3917 CID17753784 -24.3898 CID10403576 -33.1620
CID101343159 -11.7729 CID102404198 -30.7741 CID124905289 -30.3500
CID101343160 -14.7926 CID123133965 -21.0297 CID124905290 -18.1466
CID101343161 -0.6826 CID124710649 -26.8337 CID124905291 -20.0139
CID101343162 -31.1617 CID124710650 -13.7721 CID124905292 -29.1262
CID101343187 -26.4987 CID124710651 -17.2084 CID125462881 -15.0188
CID101343186 -24.0976 CID124710652 -19.7047 CID125462882 -19.1447
CID101343188 -23.9467 CID124744956 -23.0840 CID129539594 -37.6209
CID101343189 -24.5242 CID124744957 -13.7444 CID131632341 -27.7984
CID101596220 -25.5137 CID124744958 -18.3537 CID131707781 -22.3363
CID101596222 -28.7158 CID124744959 -17.5877 CID133636855 -7.5949
CID101748926 -40.8966 CID124903813 -14.0809 CID135121324 -42.9584
CID67372326 -36.4586 CID67372326 -36.4586 CID155294159 -24.4231

CID102067844 -45.8468 CID124903815 -16.7551 CID155294158 -37.3671
CID102355258 -37.1846 CID124903816 -28.1159 CID163099876 -10.4117
CID135121325 -40.5062 CID162926268 -18.4994 CID163285270 -21.4077
CID145710289 -26.8257 CID162955693 -30.9855 CID90659861 -15.0282

by compound methyl alpha-R-acarviosinide 
(CID102067844;  ΔG = -45.8468 kJ/mol) (Tables 2 
and 3). Hence, we propose that these compounds 
can interact efficiently with the enzyme. Further 

work was then undertaken to elucidate the 
mechanism of interaction of these two proposed 
compounds.

A representative interacting mode of the 

Table 2, continued.
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compounds CID101184779 and CID102067844 
with the binding site of alpha glucosidase is given 
in Figure 3. The figure 3 shows that the compounds 
CID101184779 (a) and CID102067844 (b) fit well 
into the binding pocket of the enzyme. 

The FlexX software also helped to view the 
number and type of interactions involved 
in the CID101184779-alpha glucosidase, 
CID102067844-alpha glucosidase and acarbose-
alpha glucosidase interactions. Interestingly, the 
present study revealed that the hydrogen bonding 
of CID101184779 with His626, Asp357, Asp568, 

Arg552, Asp232, Asn237 and Ala234 is similar to 
that of the binding orientation of acarbose in the 
alpha glucosidase binding pocket (Figures 2 and 
4). This effect suggests that it can have a similar 
anti-diabetic propriety to acarbose.

Compounds CID102067844 and acarbose 
showed deep links within the alpha glucosidase 
binding pocket through their hydroxymethyl 
cyclohexane and methyloxane fragments. In 
addition, as acarbose, compound CID102067844, 
also demonstrated hydrogen-bonding interactions 
with Asp232, Asp357, Asp469, Arg552, Asp568 
and His626 (Figures 2 and 5). These similarities in 

ΕΡΕΥΝΗΤΙΚΗ ΕΡΓΑΣΙΑ
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Table 3.   Docking scores of acarbose and the most promising alpha glucosidase inhibitors.  
Compound Score Match Lipo Ambig Clash Rot # Match
Acarbose -36.9770 -51.0329 -11.0899 -13.7975 2.7434 30.8000 18
CID101184779 -49.1218 -66.3508 -10.6819 -16.6801 4.3910 30.8000 20
CID102067844 -45.8468 -49.6860 -8.3040 -8.9425 1.6858 14.0000 18

Score: Total score of the docking solution, Match: Contribution of the matched interacting groups, Lipo: 
Contribution of the lipophilic contact area, Ambig: Contribution of the lipophilic-hydrophilic area, Clash: 
Contribution of the clash penalty, Rot: Ligand conformational entropy score, # Match: Number of matches.

Table 4. The predicted pharmacokinetic and toxicity proprieties of the most promising compounds.
Properties Acarbose CID101184779 CID102067844

BBB penetration 0.0271005 0.0271294 0.0329973
GI absorption Low Low Low
CYP inhibitor None None None

COCA-2 9.44448 9.92867 18.8038

Lipinski’s rule of 5

No; 3 violations: 
MW>500, NorO>10, 

NHorOH>5

No; 3 violations: 
MW>500, NorO>10, 

NHorOH>5 Yes

Toxicity

CR	 negative

hERG_inhibition

ambiguous

CR	 negative

hERG_inhibition

ambiguous

CR	 negative

hERG_inhibition

low_risk

COCA-2: human colorectal carcinoma 2 cell permeability (nm/sec), MW: molecular weight, NorO: Number of 
hydrogen bond acceptors, NHorOH: Number of hydrogen bond donors, hERG inhibition: human ether-ago-
go related gene channel inhibition, CR: carcinogenicity in rat
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ΔG = 

Table 3.

Compound Score Match Lipo Ambig Clash Rot # Match 

Acarbose 

CID101184779

CID102067844

Score: Match: Lipo:
Ambig: Clash:

Rot: # Match:

(a)

(b)

(a)                                                                          (b) 

Figure 3. Illustration of the positioning of compounds CID101184779 (a) and CID102067844 (b) in the 

interacting site of alpha glucosidase. 

interaction of compound acarbose to the catalytic 
pocket with the present studied compound, 
CID102067844, indicate that this compound is 

able to occupy the active site of alpha glucosidase 
and, hence, is involved in the inhibition of the 
enzyme.

Figure 4: Visual analysis of the interaction between the compound CID101184779 and alpha glucosidase 

binding site. 
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Figure 5: Visual analysis of the interaction between the compound CID102067844 and alpha glucosidase 

binding site. 

3.4. Drug-likeness Prediction  

absorption (GI), Cytochrome P450 (CYP) inhibition, Lipinski’s rule of 5 

Table 4.

Properties Acarbose CID101184779 CID102067844 

BBB penetration 

GI absorption 

CYP inhibitor 

COCA-2 

 
Lipinski’s rule of 5 

 
Toxicity 

COCA-2: MW: NorO:
NHorOH: hERG inhibition:

CR:  

ΕΡΕΥΝΗΤΙΚΗ ΕΡΓΑΣΙΑ

RESEARCH ARTICLE

Two hydrophobic pockets stabilize the 
compounds acarbose, CID101184779 and 
CID102067844 in the active site of alpha 
glucosidase. Moreover, hydrophobic interactions 
are carried out with residues Trp329, Asp469, 
Met470, Asp568 and Phe601 (Figures 2, 4 and 5).

3.4. Drug-likeness Prediction 

In the subsequent part of our work, we verified 
the pharmacokinetic and toxicity proprieties 
of the most promising products (compounds 
CID101184779 and CID102067844) using 
SuissADME and PreADMET (Table 4). These 
properties consist of their blood-brain barrier 
(BBB) penetration, gastrointestinal absorption 
(GI), Cytochrome P450 (CYP) inhibition, Lipinski’s 
rule of 5 categorization, cell permeability (COCA-
2) and toxicity. The same parameters of acarbose 
were also studied for comparison.

As indicated in Table 4, compounds 
CID101184779 and CID102067844 are predicted 

to have low intestinal absorption and BBB 
penetration like that of acarbose. Moreover, they 
have high COCA-2 cell permeability, which insures 
their in vivo usage. Furthermore, the studied 
products do not inhibit CYP (essential enzymes 
for the metabolism of numerous medicaments 
in the liver). With no Lipinski’s rule of 5 
violation, CID102067844 follow the criteria for 
orally available drugs contrary to acarbose and 
CID101184779. However, these two promising 
compounds did not show potential toxicity, which 
guarantees their use in vivo. 

Conclusion

In the present study, we used molecular docking 
approach to investigate the binding modes of a 
series of 293 acarbose derivatives selected from 
PubChem database with alpha glucosidase by the 
docking program FlexX. This approach allowed 
us to suggest products CID101184779 and 
CID102067844 as potential new alpha glucosidase 
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inhibitors. These two compounds were predicted 
to have satisfying drug likeness properties, 
indicating that they might be promising lead 
compounds for further antidiabetic drug research. 
Nevertheless, it remains to test these inhibitors 
directly on our target, the alpha glucosidase. In 
this sense, work is currently underway on these 
two compounds as well as on many other acarbose 
derivatives, in order to find new antidiabetic 
agents.
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Medical sponges are popular medical tools, which widely used in var-
ious fields of medicine to stop bleeding and for close wound surfaces. 
Therefore, the aim of our work was to study the selection of excipients 
in order to develop the composition and technology of medical spong-
es based on a material of biological origin - cryolyophilized xenoderm, 
which has wide practical application in combustiology.

The influence of three groups of factors on the technological param-
eters of 16 experimental series of the sponges was studied. The indica-
tors: pH, appearance, water absorption, time of complete dissolution, 
In vitro degradation, thickness of sponges, and weight loss during dry-
ing.

The influence of factors and their levels on the quality indicators of 
the developed medical sponges is investigated. It is established that the 
influence of the type of polymer is decisive for all characteristics except 
for weight loss during drying, which is more influenced by the type of 
plasticizer. Using the generalized indicator - the desirability function, 
the optimal levels of factors within each factor are selected.

According to the results of the tests, it was found that the best values 
of technological indicators were medical sponges based on water ex-
tract obtained at 40° C, which included medical gelatin and propylene 
glycol. 

ABSTRACT

ΕΡΕΥΝΗΤΙΚΗ ΕΡΓΑΣΙΑ

RESEARCH ARTICLE



41

Pavliuk et al, Pharmakeftiki, 36, I, 2024 | 40-52

Pavliuk et al, Φαρμακευτική, 36, I, 2024 | 40-52

1.	 Introduction

Medical sponges are popular medical tools, which 
widely used in various fields of medicine to stop bleed-
ing and for close wound surface 1, 2. At the technology 
of medical sponges, can be used different polymeric 
carriers, as well as, can be enter the active pharma-
ceutical ingredients with different pharmacological 
action, which will determine the scope of possible 
application of this tool 3, 4. Due to the pronounced he-
mostatic, antiseptic and absorption properties of the 
medical sponges, they have a great practical impor-
tance in surgery and combustiology in particular 5, 6.

Nowadays, the problem of treatment of burns is rel-
evant, as burn injuries are one of the most common 
domestic and industrial injuries in the world. Despite 
the introduction of new methods of treatment in med-
ical practice, the use of new drugs, the improvement 
of existing drugs, the development of new tools for the 
local treatment of burn injuries is still promising 7.

For the treatment of burns in Ukraine, the technolo-
gy of lyophilized xenodermoimplants has been devel-
oped and introduced into production, which approved 
for use in medical institutions. Therefore, the use of 
the powder of crushed xenoderm in the development 
of the various types of dosage forms is relevant and 
promising for today 8.

In the development of the composition of medical 
sponges used water extract from the cryolyophilized 
porcine powder (xenoderm) and chlorhexidine di-
gluconate, which is an internationally recognized an-
tiseptic that is widely used in surgery, dermatology, 
urology, ophthalmology, otolaryngology and dentistry 
9. Technological studies of the water extraction from 
the xenoderm`s powder have been previously devel-
oped and studied, as evidenced by Patent of Ukraine 
№ 138600.

Therefore, the aim of the research was to study the 
effect of excipients, the conditions of preparation of 
water extract from the xenoderm powder on the tech-
nological parameters of medical sponges using the de-
sign of experiment.

During the analysis of literature data, it was found 
that the development of medical sponges is a promis-
ing area of modern pharmaceutical technology. For the 
design of the experiment Latin square 4x4 methodolo-

gy was used, in order to theoretically and scientifically 
substantiate the choice of the most optimal excipients.

2.Materials and methods

Active pharmaceutical ingredients: crushed sub-
strate of cryolyophilized xenoderm of the porcine skin 
(LCC Institute of Biomedical Technologies, Ukraine) 
and chlorhexidine digluconate solution 20 %, (Sig-
ma-Aldrich, USA). Among the excipients were studied: 
medical gelatin (Sigma-Aldrich, USA), hydroxypropyl 
cellulose (HPC) (Nisso Chemical Europe GmbH), hy-
droxypropyl methylcellulose-50 (HPMC-50) (Biogr-
und GmbH), methylcellulose-15 (МC-15) (Biogrund 
GmbH), tween-80 (PJSC “Barva”) polyethylene gly-
col-400 (PЕG-400) (PJSC “Barva”), propylene glycol 
(BASF “Global”) and glycerin (BASF VG). 

2.1Methodology

To study three factors with the same number of lev-
els, taking into account the design of the study, it is 
most rational to use Latin square 4x4. When perform-
ing three-factor comparative experiments, symmetri-
cal orthogonal plans based on Latin squares are most 
often used. 10, 11, 12   The use of the Latin square 4x4 
reduces the number of experiments by 4 times com-
pared to the full factorial experiment, so it is possible 
to perform 16 series instead of 64. However, despite 
the reduced number of experiments, the properties 
and results of the fractional plan remain statistically 
correct 13, 14.

In our case, a linear model is adopted, Equation 1: 
Yijkm=μ+αi+βj+γk+res+Εijkm (1)

Yijkm  – denoting any observation for which, 
X1 = i, X2 = j, X3 = k. X1 and X2 are blocking factors, X3 is 
the primary factor.
μ      – denoting the general location parameter
αi        – denoting the effect for block i
βj        – denoting the effect for block j
γk       – denoting the effect for treatment k

res    – dispersion sources, that are  
not provided by the linear model.

Εijkm   – remainder (i, j, k =1,2,…,n), Εijkm [N(0, σ2].

According to the general algorithm, the analysis of 
experimental data was performed and the obtained 
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results were discussed.
Also, when planning the study, it was decided to 

choose the most optimal pharmaco-technological 
indicators of the quality of medical sponges and de-
termine their value in accordance with the recom-
mendations of the world literature 15, 16, because the 
developed form is not pharmacopoeial, according to 
SPU.

When planning a comprehensive study, it was 
necessary to determine the sequence of stages of 
the experiment and select the appropriate research 
methods:

- to propose methods for determining pharma-
co-technological indicators for medical sponges in 
accordance with the literature data and the require-
ments for this form;

- select excipients in order to study their effect on 
the technological properties of sponges on the basis 
of literature sources;

- develop the composition of experimental sam-
ples of sponges and then examine them for certain 
quality indicators.

The design scheme of the experiment is shown in 
Figure 1.

All studied excipients and the temperature re-
gimes for preparation of water extract from crushed 
xenoderm powder were grouped into three main 
groups (factors): polymers (factor A), plasticizers 
(factor B), and temperature of preparation of water 
extract from crushed xenoderm (factor C). The cor-
responding list of factors and their levels are pre-
sented in Table 1.

2.2.Procedure

On the pharmaceutical market, medical gelatin, 
collagen, chitosan, and cellulose derivatives are most 
often used to obtain medical sponges 9. In this exper-
iment, we selected medical gelatin and cellulose de-
rivatives (HPC, HPMC, MC) for study, because spong-
es based on them are cost-effective, efficient, and 
technologically simple. To date, there are no spong-
es of domestic production, obtained on the basis of 
selected polymers (factor A). Selected plasticizers 

(factor B) were introduced to provide plasticity and 
reduce the brittleness temperature, which improves 
frost resistance and is necessary at the stage of freez-
ing the viscous mass to obtain sponges in liquid ni-
trogen before lyophilization. An important feature of 
this experiment is the study of the influence of the 
temperature of preparation of water extract from 
crushed xenoderm powder (factor C) on the techno-
logical parameters of the obtained sponges. Previ-
ous studies have determined that the temperature of 
preparation of water extract from crushed xenoderm 
powder significantly affects the pharmaco-tech-
nological properties of the obtained water extract, 
which at different production temperatures charac-
terized by different dynamic viscosity17. Under the 
conditions of obtaining water extract from crushed 
xenoderm powder at 20 °C, it was characterized by a 
dynamic viscosity of 6.99±0.20 mPa*s and a density 
of 1.031±0.030 g/cm3; at 40 °C the dynamic viscosity 
was 4.24±0.11 mPa*s, density 1.045±0.03 g/cm3.

Therefore, the temperature of preparation of wa-
ter extract from crushed xenoderm powder affects 
its density, dynamic viscosity, the consistency of the 
mass for the production of sponges, and in general 
the porosity of the obtained sponges after lyophiliza-
tion. Moreover, on the basis of previously conducted 
pharmacological studies, it was found that the water 
extract prepared at different temperatures affects 
the regeneration process on the model of aseptic 
burns in animals 18, 18. Thus, the temperature of the 
preparation of water extract from crushed xeno-
derm powder is an important condition in the devel-
opment of medical sponges based on it and therefore 
selected as a factor C for research.

2.3.Preparation of medical sponge

Pre-prepared water extract from the xenoderm at 
different temperatures (Levels of factor C) accord-
ing to the patent of Ukraine № 138600. In the xeno-
derm water extract (Levels of factor C), the polymers 
(Levels of factor A) was left at 37 °C for swelling and 
dissolution. Then the remainder of the xenoderm 
water extract was added to the polymers solution by 
parts, with constant stirring until foam formation. To 
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Figure 1. Experimental design scheme

prepared solutions of xenoderm water extract with 
polymers, the plasticizers (Levels of factor B) were 
added. To the resulting mixtures was added a 1 % 
chlorhexidine digluconate solution. The mixtures 
were foamed to form a stable foam that increased 
2-3 times in volume. The resulting solution was 
poured out into the cooled aluminum moulds and 
left at temperature 20-22°C for 2-3 hours. Thereaf-
ter, the solutions were frozen in liquid nitrogen and 
lyophilized during 18-20 h.

Developed experimental series of medical spong-
es in two replicates were evaluated on the following 
indicators:

pH of water solutions of sponges. The pH val-
ues of the test samples were determined using a pH 
meter pH 150-MI. All tests were performed at room 
temperature. The pH meter was calibrated using 
standard buffer solutions (Table 2).

Appearance of sponges. Medical sponges were 
characterized by appearance, organoleptic prop-
erties (color, odor, consistency), as well as signs of 
physical instability (delamination, fragility, density, 
surface homogeneity). Appearance was assessed on 
a five-point scale, proposing appropriate criteria for 
each score (Table 2).

Determination of water absorption. To the 

Table 1. Factors and their levels studied using the Latin square 4x4.

Factors Levels of factor

А – Polymers

а1 – medical gelatin
а2 – hydroxypropyl cellulose (HPC)
а3 – hydroxypropyl methylcellulose-50 (HPMC-50)
а4 – methylcellulose-15 (МC-15)

В – Plasticizers

b1 – tween-80 
b2 – polyethylene glycol-400 (PЕG-400)
b3 – glycerin
b4 – propylene glycol 

С – The temperature of 
preparation of water extract from 
crushed xenoderm powder (оС)

c1 – 20 оС
c2 – 30 оС
c3 – 40 оС
c4 – 50 оС
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Table 2. Experimental planning matrix and results of medical sponges' research
Series 

number
Factor рH Appearance, mark Water absorption, %

А В С y1 у1’ у2 у2’ у3 у3’
а1 b1 c1 6.5 6.8 5 5 962 950
а1 b2 c2 6.8 6.5 5 4 1179 1170
а1 b3 c4 6.3 6.5 5 4 671 665

а1 b4 c3 6.5 6.9 5 5 1344 1350

а2 b1 c2 7.6 7.4 4 3 401 405
а2 b2 c1 7.1 6.9 3 3 222 220
а2 b3 c3 6.4 6.5 5 4 526 521

а2 b4 c4 7.2 7.1 3 3 270 272

а3 b1 c3 7.5 7.2 5 4 785 790
а3 b2 c4 6.9 6.8 5 5 248 245

а3 b3 c1 7.1 7.5 5 5 328 325

а3 b4 c2 7.0 7.1 5 4 183 188
а4 b1 c4 6.5 7.0 4 4 177 175
а4 b2 c3 7.3 7.1 4 4 135 132

а4 b3 c2 6.6 6.7 1 1 83 85

а4 b4 c1 6.9 7.2 3 2 15 18

Table 3 .Experimental planning matrix and results of medical sponges’ research
Series 

number
Time of complete 
dissolution, min

Thickness, сm Weight loss during 
drying, %

Desirability function

у4 у4’ у5 у5’ у6 у6’ D D’
4320 4380 0.5 0.6 0.12 0.18 0.147 0.189
4200 4380 0.6 0.6 0.30 0.40 0.205 0.193
3600 3720 0.6 0.7 2.0 2.50 0.12 0.121
4380 4400 0.7 0.6 0.40 0.44 0.229 0.214

60 90 0.4 0.4 2.53 3.02 0.0001 0.0001
180 190 0.4 0.4 1.25 1.45 0.00002 0.00003
600 720 0.4 0.4 0.42 0.48 0.0008 0.0009
180 210 0.3 0.3 4.80 4.90 0.00004 0.00006
540 600 0.7 0.7 6.53 6.55 0.007 0.007
30 30 0.6 0.6 0 0.05 0 0
30 45 0.6 0.6 1.01 1.07 0 0
55 55 0.7 0.7 0.14 0.16 0.0002 0.0002
3 5 0.6 0.6 2.45 2.55 0 0

10 10 0.6 0.6 2.0 2.10 0 0
10 10 0.3 0.3 1.75 1.95 0 0
10 10 0.5 0.6 8.52 8.67 0 0

Note. y1 , у1’ : pH of the sponges of the first and second series of experiments, respectively. у2 , у2’ : the appearance of 
the sponges of the first and second series of experiments, respectively, ball. у3 , у3` : water absorption of sponges of the 
first and second series of experiments, respectively, %. у4 , у4 ‘ : time of complete dissolution of the sponges of the first 
and second series of experiments, respectively, min. у5 , у5’ : the thickness of the sponges of the first and second series of 
experiments, respectively, cm. y6 , у6’ : weight loss during drying of the first and second series of experiments, respectively, 
%. D ,  D’ : the desirability function of the first and second series, respectively.
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flat-bottomed cup (preheated to 37±1 °C) added a 
simulation solution containing 8.398  g/l sodium 
chloride and 0.278 g/l anhydrous calcium chloride 
(the given proportion of ion content equal to the 
amount in human serum). A piece of dry sponge 1×1 
cm2 (X0), pre-weighed, and immersed in a simulation 
solution for 10 minutes. Then the sponge removing 
and, after removing the surface moisture with filter 
paper, weighed (X1)17. 
Water absorption (%) is calculated according to 
Equation 2:

Water absorption (%) = (Х1-Х0) / Х0 × 100% (2)

Х0 - the mass of the sponge before absorption;
Х1 - the mass of the sponge after absorption.
The results of the study are shown in table 2.
In vitro degradation of sponges. Degradation can 

be determined by immersing a piece of sponge (1×1 
cm2) in phosphate buffer solution (PBS) with pH 7.4 
for 24 h. The tests carried out incubation chamber 
(37 ºC). After 24 hours, the sponge is re-dried and 
the change in sponge mass is calculated. In vitro deg-
radation of sponges calculated by Equation 3:

In vitro degradation (%) = (Хf – Хs) / Хs × 100% (3)

Хf – the final mass of the sponge after drying;
Хs – the initial mass of the sponge before immer-

sion.
After determining the percentage of In vitro degra-

dation of the sponges, the obtained percentages for 1 
day of the experiment were re-calculated into hours 
and determined the time of complete dissolution at 
temperature 37 ºC 18. The results of the study shown 
in table 3.

The thickness of the sponges. It is known that the 
greater the thickness of the sponge, the greater the 
number of pores it holds. Thus, the thickness of the 
sponge is directly proportional to the percentage of 
moisture absorption and dissolution time. The thick-
ness of the sponges was measured using a thickness 
gauge with an accuracy of 10 μm (Table 3). 

Weight loss during drying. This indicator allows 
assessing the condition of the sponges after lyo-
philization, namely the presence or absence of resid-

ual moisture after lyophilization, as well as during 
storage. The results of the study shown in Table 3. 

Desirability function. In the presence of a large 
number of indicators and the absence of clearly de-
fined priority levels of factors influencing the feed-
back, a generalized indicator (desirability function) 
is used12, and all indicators are summarized into a 
single quantitative feature. Desirability for one re-
sponse - d, and for many - D. The desirability scale 
has an interval from 0 to 1, with zero desirability 
values corresponding to the worst value of this indi-
cator, and the value of D=1 - the best value (Table 3).

Results and Discussion

The results of the research were subject to analysis 
of variance according to the scheme of the Latin square 
4x4. Medical sponges were obtained by lyophilization 
according to the experimental plan shown in table 2. 
The obtained sponges were examined according to 
the following indicators: рН (y1, у1’), appearance (у2, 
у2’), water absorption (у3, у3’), time of complete dis-
solution (у4, у4’), thickness of sponges (у5, у5’), weight 
loss during drying (y6, у6’). The results of the study of 
these indicators are shown in tables 2, 3. 

The obtained research results were subjected to 
analysis of variance, the influence of factors was in-
vestigated by F-test. In cases where the experimental 
value of the F-criterion was greater than the tabular 
(F0.05), it was concluded that the statistical signifi-
cance of the studied factor. To reflect the influence 
of factors and their levels on the studied indicators, 
ranked series of advantages were built. Qualitative 
factors were arranged in the sequence of their influ-
ence on the studied indicator.

Analysis of variance of the obtained results showed 
that polymers and plasticizers significantly affected 
the pH (y1, у1’) of medical sponges, namely, the in-
fluence of factors illustrate the following advantages: 
A > B > res (Table 4). The type of polymer (factor A) 
shows the most significant effect on pH, a number of 
advantages have the following form: HPMC-50 > HPC 
> MC-15 > medical gelatin (Fig. 2). 

The effect of factor B (type of plasticizer) on the pH 
of medical sponges can be represented as follows: 
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Table 4. Analysis of the results of the study of indicators of medical sponges’ research
Sourse Degrees of 

freedom Sum of squares Mean squares Ftest F0,05

рН (y1, у1’)

Factor А 3 1.308359 0.43612 12.54457 4.76
Factor В 3 0.600859 0.200286 5.761049 4.76
Factor С 3 0.207109 0.069036 1.985768 4.76
Residual 6 1.186719 0.197786 5.689139 4.76

Total 31 3.859297 - - -
Appearance (у2, у2’)

Factor А 3 19.625 6.541667 34.88889 4.76
Factor В 3 2.125 0.708333 3.777778 4.76
Factor С 3 5.125 1.708333 9.111111 4.76
Residual 6 10 1.666667 8.888889 4.76

Total 31 39.875 - - -
Water absorption (у3, у3’)

Factor А 3 3808964 1269655 92338.53 4.76
Factor В 3 143805.3 47935.08 3486.188 4.76
Factor С 3 615181.8 205060.6 14913.5 4.76
Residual 6 344888.8 57481.46 4180.47 4.76

Total 31 4913060 - - -
Time of complete dissolution (у4, у4’)

Factor А 3 97212957 32404319 14619.38 4.76
Factor В 3 109329.6 36443.2 16.44154 4.76
Factor С 3 795652.1 265217.4 119.6542 4.76
Residual 6 631644.2 105274 47.49495 4.76

Total 31 98785047 - - -
Thickness (у5, у5’)

Factor А 3 0.34965 0.11655 93.24 4.76
Factor В 3 0.02865 0.00955 7.64 4.76
Factor С 3 0.03265 0.010883 8.706667 4.76
Residual 6 0.1058 0.017633 14.10667 4.76

Total 31 0.53675 - - -
Weight loss during drying (y6, у6’)

Factor А 3 35.77616 11.92539 588.6355 4.76
Factor В 3 36.38146 12.12715 598.5946 4.76
Factor С 3 10.03441 3.344803 165.099 4.76
Residual 6 102.1641 17.02735 840.4676 4.76

Total 31 184.6803 - - -
Desirability function (D, D’)

Factor А 3 0.187065 0.062355 935.0306 4.76
Factor В 3 0.002783 0.000928 13.91288 4.76
Factor С 3 0.003242 0.001081 16.20408 4.76
Residual 6 0.005522 0.00092 13.80137 4.76

Total 31 0.19968 - - -
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tween-80 > propylene glycol > PEG-400 > glycerin. 
Factor C, in this case, is statistically insignificant; the 
change in the temperature of preparation of the wa-
ter extract from xenoderm powder does not affect 
the pH value of the obtained medical sponges. The 
value of res indicates that there is an interaction be-
tween the levels of the studied factors.

The study of the influence of the studied factors 
showed, that two of the three studied factors influ-
ence the appearance (у2, у2’) of medical sponges: A 

> C > res (Table 4). The ranked number of advantages 
of the effect of polymer on the appearance of medical 
sponges is as follows: medical gelatin > HPMC-50 > 
HPC > MC-15 (Fig. 3).

The influence of the temperature of preparation of 
water extract from crushed xenoderm powder (fac-
tor C) on the appearance of the obtained sponges can 
be depicted as follows: 40 оС = 50 оС > 20 оС > 30 оС. 
That is, the sponges, which used the temperature of 
water extract from crushed xenoderm powder pre-

Factor С

- - - 

Factor А

Factor В

Factor С

- - - 

the pH (y1, у1') of medical sponge

Figure 2 The effect of polymers on the pH of solutions of medical sponges . 

the appearance (у2, у2') of medical sponges: A > C > res (Table 4). The ranked number of advantages of the effect 

Figure 3 The effect of polymers on the appearance of medical sponges 

оС = 50 оС оС оС

–

The effects of the studied factors on the percentage of water absorption (у3, у3') are as follows: A > C > 

Figure 4 The effect of polymers on the water absorption of medical sponges

. 
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pared at 40 oC, were the best in appearance – porous, 
quite loose, soft and pliable.

The effects of the studied factors on the percentage 
of water absorption (у3, у3’) are as follows: A > C > 
res > B (Table 4). The highest percentage of water 
absorption was observed when using medical gel-
atin (1036.4 %), which is almost three times high-
er than this value for sponges based on HPMC-50 
(386.5 %) and HPC (354.6 %), and 10 times more, 

than in sponges based on MC-15 (102.5 %) (Fig. 4).

The effect of the temperature of preparation of wa-
ter extract from crushed xenoderm powder (factor 
C) on water absorption (%) can be represented by 
the following ranked number of advantages: 40 oC 
(697.80 %) > 30 oC (461.75 %) > 20 oC (380.01 %) 
> 50 oC (340.37  %). The leader among plasticizers 
in terms of impact on the rate of water absorption is 

у у

А > С > res >В

Figure 5 The effect of polymers on the time of complete dissolution of medical sponges 

(у , у

. 
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Figure 3 The effect of polymers on the appearance of medical sponges 
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The effects of the studied factors on the percentage of water absorption (у3, у3') are as follows: A > C > 

Figure 4 The effect of polymers on the water absorption of medical sponges. 
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tween-80, and the ranked number of advantages is 
as follows: tween-80 > propylene glycol > PEG- 400 
> glycerin.

The influence of factors on the time of complete 
dissolution (у4, у4’) of medical sponges illustrated as 
follows: А > С > res >В (Table 4) (Fig. 5).

A number of advantages of factor A levels are as 
follows: medical gelatin > HPC > HPMC-50 > MC-15, 
sponges developed on the basis of medical gelatin 
retain their framework and do not dissolve within 24 
hours, the time of complete dissolution in the sim-

ulation solution - 70 hours (approximately 3 days), 
which is an advantage over other studied polymers. 

The ranked series of the influence of the tempera-
ture of the water extract from the xenoderm powder 
(factor C) on the time of dissolution of the sponges is 
as follows: 40 oC > 20 oC > 30 oC > 50 oC. Among the 
studied plasticizers (factor B) the ranked number 
of advantages has the following look: tween-80 > 
propylene glycol > PEG-400 > glycerin.

Analysis of variance showed that the thickness of 
the sponges (у5, у5’) is influenced by all the studied 
factors: A> res> C> B (Table 4). However, the influ-

Figure 6 The effect of polymers on the thickness of medical sponges 

, у

. 

Figure 7 The effect of plasticizers on weight loss during drying 

с с с с

. 
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ence of factor A (the type of polymer) on the thick-
ness of the sponges is the most significant, the best 
value of this indicator is provided by HPMC-50 and 
medical gelatin, when using them the thickness of 
the sponges is 0.65 and 0.61 cm, respectively. When 
using MC-15 and HPC, the thickness is 0.51 and 0.36 
cm, respectively (Fig. 6). 

The effect of the temperature of the water extract 
from the xenoderm powder (factor C) on the thick-
ness of the sponges can be represented by the fol-
lowing advantages: 40 oC (0.58 cm) > 50 oC (0.52 
cm) = 20 oC (0.52 cm) > 30 oC (0.50 cm). The ranked 
range of effects of plasticizers is as follows: tween-80 
(0.56 cm) > propylene glycol (0.54 cm) > PEG-400 
(0.53 cm) > glycerin (0.48 cm), and therefore can 
conclude that the change in temperature and the 
type of plasticizer have little effect on the thickness 
of the sponges.

The influence of factors on the percentage of 
weight loss during drying (y6, у6’) can be illustrated 
by the following ranked number of advantages: B > 

A > res > C (Table 4). Among the studied plasticizers, 
the lowest values of the studied factor are provided 
by PEG-400 (0.9 %), which has an advantage over 
glycerin (1.3 %), tween-80 (2.9 %) and propylene 
glycol (3.5 %) (Fig. 7). 

For polymers, the ranked range is as follows: med-
ical gelatin (0.79 %) > HPMC-50 (1.90 %) > HPC 
(2.30 %) > MC-15 (3.70 %). The effect of factor C can 
be illustrated as follows: с2 > с3 > с4 > с1.

The results of the conducted research made it pos-
sible to evaluate the influence of auxiliary substanc-
es and the temperature at which the aqueous extract 
of xenoderm is prepared on the pharmaco-techno-
logical indicators of the quality of medical sponges. 
Research data demonstrate a few advantages, which 
makes it somewhat difficult to choose the optimal ex-
cipients for the next stage of research. Therefore, we 
decided to use a generalized indicator - the desirabil-
ity function (table 3). At the same time, the primary 
results of the selected indicators were converted 
into dimensionless values using the function and the 

Figure 8 Desirability function (appearance of sponges (y2), water absorption of sponges (y3), time of 

complete dissolution of sponges (y4), thickness of sponges (y5)) 

°C 

Conclusion 

№

°C, medical gelatin and propylene glycol
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generalized indicator D was calculated. The results 
obtained using the desirability function are shown in 
Table 3 (columns D and D’), the results of variance 
analysis are shown in Table 4.

Analysis of variance showed that the influence of 
factors on this indicator is as follows: A > C > B > res.  
Comparison of the levels of factors A, C and B showed 
that the best result of the desirability function was 
obtained when using gelatin as a polymer (a1 > a3 > 
a2 > a4), propylene glycol as a plasticizer (b4 > b2 > b1 
> b3) and 40 °C as the most optimal temperature of 
the water extract from the xenoderm powder (c3 > c2 
> c1 > c4).

Conclusion

Previously developed technology for obtaining 
water extract from the xenoderm at different tem-
perature regimes and studied its rheological prop-

erties and physicochemical composition. Based 
on the results of the research were selected the 
optimal excipients and the temperature regime of 
preparation of water extract for obtaining medical 
sponges. The selection of optimal pharmaco-tech-
nological characteristics for quality control of 
medical sponges is experimentally confirmed, 
which is covered in the relevant patent of Ukraine 
№ 139854.

According to the results of conducted studies using 
the Latin square 4x4 and the generalized indicator of 
the desirability function (D),  the best values of tech-
nological indicators were medical sponges based 
on water extract prepared at 40 °C, medical gelatin 
and propylene glycol. Accordingly, it is advisable to 
investigate in more detail the effect of changes in the 
amounts of excipients on the pharmaco-technologi-
cal parameters of the developed medical sponges to 
develop their optimal composition. 
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The present study was undertaken to determine the  in vivo  wound 
healing activity and in vitro antibacterial activity of Basella alba stem. 
Wound healing activity was evaluated using burn wound model in rats. 
Wound healing is a complex phenomenon which consists of three stages 
that includes inflammatory,proliferative, and remodelling.Traditionally 
Basella alba is used for wound healing. There is no specific scientific data 
available for the wound healing activity of Basella alba stem. The wound 
healing activity of Ethanolic Stem Extract of Basella alba was evaluated 
by burn wound models. The parameters studied includes the epitheli-
alisation period and rate of wound contraction. It also possess antibac-
terial activity. Ethanolic Stem Extractof Basella alba was tested against 
both gram positive and gram negative bacteria using agar well diffusion 
method. From the results, it was concluded that Ethanolic Stem Extract 
of Basella alba has significant wound activity and antibacterial activity .

ABSTRACT

INTRODUCTION

After injury, tissue healing process is initiated for the restoration of integri-
ty and function of damaged tissue in response to injury1.The inflammatory re-
sponse starts immediately after injury and the cells beneath the dermis begin 
to raise collagen production to generate epithelial tissue. The process of wound 
healing involves three phases which includeinflammation, proliferation and re-
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modelling.The inflammatory phase is associated with 
pain, swelling, heat and redness at the wound site. 
During proliferative phase,the wound is reconstituted 
with collagen and granular tissue and is followed by 
angiogenesis, epithelialisation, and wound contraction. 
Angiogenesis is characterised by new blood vessels 
formation from endothelial cells. In the formation of 
extracellular matrix, collagen and fibronectin are ex-
creted from fibroblast. There upon griping the wound 
edges by myofibroblasts would undergoes contraction 
using a mechanism similar to that observed in smooth 
muscle cells2.  

According to literature, many plants possess po-
tent wound healing activity3, since they contain 
many bioactive compounds, such as polyphenols, 
flavonoids and alkaloids

Phenolic compounds, possess potent antifungal, 
antiviral and antibacterial activity4. Polyphenols have 
special significance in the case of strains resistant to 
antibiotics, such as Staphylococcus aureus resistant 
to methicillin, Enterococci resistant to glycopeptide 
antibiotics, vancomycin and pneumococci resis-
tant to β-lactams and macrolides, and Pseudomo-
nas aeruginosa with its defense mechanism against 
phagocytic activity of polymorphonuclear leuco-
cytes5. Phenolic compounds as antioxidants plays an 
important role in skin tissue repair mechanisms and 
may be used in the treatment of various skin dam-
age, such as wounds and burns. In acute and chronic 
wounds, they may accelerate the healing process and 
promote proliferation of normal skin cells6.

Among phenolic compounds, flavonoids are isolat-
ed from a wide range of vascular plants, with over 
8000 individual compounds known7 . They possess 
wide variety of activities such as antimicrobial8 , an-
ti-oxidant9 , anti-cancer10, anti-inflammatory11 and 
wound healing12. Flavonoids are essential bioactive 
compounds found in our daily life in the form of 
fruits and vegetables.There is a lot of resaerach that 
shows the importance of flavonoids as a wound heal-
ing agent. A representative example  are the flowers 
of Ipomoea carnea which belong to the family Con-
volvulaceae. The bioactive compounds, isolated from 
the flowers, such as Kaempferol, Kaempferol-3-O-β-
D-glucoside confirm the wound healing activities on 
all animal models13. The role of flavonoids in wound 

healing is recently reviwedby  Zulkefliet al14 . 
Many alkaloids, an important class of bioactive 

compounds present in plants, also cause an in-
creased rate of formation of epithelial cells thus 
speeding up the re-epithelialization process which is 
critical in wound healing. There is also the possibili-
ty that they accelerate angiogenesis.This will in turn 
increase blood supply to the newly formed epithelial 
cells and thus in effect cause an overall increase in 
the rate of wound contraction15.

Basella alba is a medicinal plant which belongs to 
the family of Basellaceae.It is also known as Malabar 
spinach, Indian spinach, Ceylon spinach and vine 
spinach. The stem is succulent with tender leaves. 
Both stem and leaves are used in Culinary practice 
in Southern parts of India. It is found to be a good 
source of calcium, iron, vitamin A and Vitamin C16-17. 
So far much pharmacological work has not been car-
ried out on Basella alba stem. In  folkloric medicine 
it is used for treating various injuries and wounds. 
Since it grows as a weed and found abundantly 
in wastelands, we made an attempt to explore its 
wound healing efficacy and highlight itsimportance. 

In this aspect the aim of present research is to 
preliminarily determine the phytochemical constit-
uents and the wound healing activity of Ethanolic 
Stem Extract of Basella alba stem. As a part of this 
study, effort was made to determine also, the antimi-
crobial activity of Basella alba against gram positive 
organism like Staphylococcus aureus,Bacillussubtilis 
and gram negative organism like Pseudomonas aeru-
genosa and Escherichia coli.

MATERIALS AND METODS

Collection of Plant

The Basella alba stems were collected near Ped-
dapuram,Andhra Pradesh, India. The plant was au-
thenticated by Dr.T.Raghuram, Taxonomist, Mahara-
ni College, Peddapuram.

Preparation of Ethanolic Basella alba stem 
extract

The freshly collected stems of Basella alba were 
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washed with water to remove dirt and sand parti-
cles and dried under shade for 40 days.They were 
grounded into powder using a mechanical grinder. 
The powder was extracted with 95% ethanol for 3 
days, followed by hot percolation for 3 hours. Then 
it was filtered and distilled at 80°C. Subsequently it 
was transferred into the empty china dish and evap-
orated to get an ethanolic extract and kept in anhy-
drous calcium chloride containing desiccators.

Preparation of Ointment

The ethanolic extract Ointment of Basella alba 
stem was prepared in two concentrations. One is 
10% and the other one is 20%.The 10% ointment of 
Basella alba stem consists of 2 grams of stem extract 
in 20grams of ointment base.The 20% ointment of 
Basella alba stem consists of 4 grams of stem extract 
in 20 grams of ointment base. This ointment was 
stored in air tight container.

Phytochemical Testing

Qualitative screening 

The qualitative phytochemical screening of the ex-
tract was performed to identify the main groups of 
chemical constituents (glycosides, alkaloids, tannins, 
saponins, terpenoids, carbohydrates, anthraqui-
nones glycosides, flavonoids, and phenols) present 
in the extracts using the color reactions18.

Test for tannins
About 0.1 g of the extract boiled in 2 ml of water/

dimethyl sulfoxide (DMSO) was filtered and mixed 
with a few drops of 0.1% of ferric chloride. Then, it 
was examined for brownish green or a blue black 
coloration.

Test for alkaloids
10 ml of acidified alcohol was added to 0.1 g of the 

extract and was boiled and filtered. Then, 0.4 ml of 
dilute ammonia and 1ml of chloroform was added to 
1 ml of filtrate and shaken gently. 2 ml of acetic acid 
was used to extract chloroform layer. This was then 
divided into two portions, and Mayer’s reagent was 

added to one portion while Dragendroff’s reagent 
to another. The formation of a cream (with Mayer’s 
reagent) or reddish brown precipitate (with Dragen-
droff’s reagent) was taken as positive for a test for 
alkaloids.

Test for glycoside
0.2 g of the test material was extracted with 5 ml 

of each dilute sulfuric acid and water by boiling/
warming on a water bath. Then, the acid extract was 
filtered and neutralized with 5% solution of sodium 
hydroxide. Similarly, in the case of water extract an 
equal amount of water instead of sodium hydroxide 
was added. Fehling’s solution A and B were added 
until both solutions became alkaline and heated 
for 2 min using a water bath. If the quantity of red 
precipitate from acid extract is higher than that ob-
tained from water extract, the presence of glycoside 
is identified.

Test for carbohydrates (Molisch’s test)
The development of purple ring at the interface 

between the test material and the acid on the ad-
dition of Molisch’s reagent (a-naphthol dissolved 
in ethanol) to the extracts followed by addition of a 
few drops of concentrated sulfuric acid indicates the 
presence of carbohydrates.

Test for saponins
Development of emulsion on vigorous shaking af-

ter addition of 3 drops of olive oil to froth extracted 
by adding 0.1 g of extract to 1 ml of distilled water 
indicates the presence of saponins.

Test for flavonoids
Zinc hydrochloride test: Development of red color 

after a few minutes of addition of a mixture of zinc 
dust and conc. hydrochloric acid to the test solution 
was taken as positive for flavonoids.

Test for terpenoids (Salkowski’s test)
Development of a reddish brown coloration at the 

interface after addition of 0.4 ml of chloroform fol-
lowed by concentrated sulfuric acid to 0.1 g of the 
extract indicates the presence of terpenoids.

Test for proteins
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Development of violet color on addition of biuret 
reagent (2 ml) to the test solution (2 ml), indicates 
the presence of proteins.

Test for phenol
50 mg of the extract was dissolved in 5 ml of dis-

tilled water and a development of a dark green col-
or after addition of a few drops of neutral 5% ferric 
chloride solution was regarded as positive for phe-
nolic compounds.

Quantitative phytochemical testing 

10 mg of extract is dissolved in 10 mL of metha-
nol to make 1000 g/ml aliquots of extract. 

Phenolic contents estimation 

Using the Folin-Ciocalteu method19, the phenolic 
content of ethanolic stem extract (1 mg/ml, aliquots) 
was determined. 0.5 ml extract was combined with 
3 ml Folin-Ciocalteu reagent (1:10 v/v) and allowed 
to stand for 5 min. In the mixture tube, 4 ml of sodi-
um carbonate solution (20% w/v) was applied. For 
color growth, the tubes were held at 30°C for 15 min. 
A spectrophotometer was used to calculate the ab-
sorbance at 765 nm. The Gallic acid equivalent (mg-
GAE/g) dry weight of extract was measured using 
a calibration curve . The results were expressed as 
Gallic acid equivalent mg/100mg dry weight of the 
extract. Fig 1 shows the mean absorbance of various 
concentrations of gallic acid and regression equa-
tion used to calculate total phenolic content of the 
extract.

Flavanoids content Estimation: 

The total flavonoid content ethanolic stem extract 
(1 mg/ml, aliquots) was determined using the alu-
minum chloride method20. 0.6 ml extract, 1.8 ml 
methanol, 0.1 ml 10 percent aluminum chloride, 0.1 
ml 1 M sodium acetate, and 3 ml distilled water were 
added to 0.6 ml extract, 1.8 ml methanol, 0.1 ml 10 

percent aluminum chloride, 0.1 ml 1M sodium ace-
tate, and 3 ml distilled water were added and left at 
30°C. After 30 min at 415 nm, the absorbance was 
assessed individually. Total flavonoid was calculated 
using standard quercetin calibration curve and ex-
pressed as quercetin equivalent mgQE/g dry weight 
of the extract. Fig 2 shows the mean absorbance of 
various concentrations of Quercetin and regression 
equation used to calculate flavonoid content of the 
extract.

Alkaloid content estimation 

The alkaloid content of the extract was calculated 
using the Fazel et al. process, in which an ethanolic 
stem extract (1 mg/ml, aliquots) was dissolved in 
2N Hydrochloric acid and filtered. 0.1 N NaoH was 
applied to the filtrate, 1 ml was transferred to a sep-
arating funnel, and 5 ml of bromo cresol green solu-
tion and 5 ml of phosphate buffer were added. Chlo-
roform was used to remove the mixture after shak-
ing it. At 470 nm, the absorbance was measured. The 
concentration of alkaloid content in atropine equiv-
alents was determined using the unit’s mg/100mg 
dry weight of extract21, and the alkaloid content was 
calculated by using calibration curve. Fig 3 shows 
the mean absorbance of various concentrations of 
Atropine and regression equation used to calculate 
alkaloid content of the extract.

Experimental Animals

Rats of either sex weighing about 150-200 grams 
were used for the study. Three animals were used 
in each groupand totally 12 animals were used. 
All the animals are properly caged and main-
tained under standard pellet diet and water ad li-
bitum, placed in a properly air conditioned room 
with 12hrs light and dark cycles. The animal ex-
periments were performed based on the Institu-
tional Animal Ethical Committee (IAEC) approv-
al no.V/IAEC /DR.MGR/2053/PoReb1/S/19/
CPCSEA/18.06.22/01.
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Wound Healing Activity

Model taken for the evaluation of wound healing 
activity, was burn wound model22.The ethanolic stem 
extract of Basella alba stem was used for the study. For 
Burn wound model, animals were divided into four 
groups each consisting of three animals as follows: 
Group I, left untreated and considered as Control, 
Group II, which served as standard and was treated 
with 5% (w/w) povidone iodine ointment USP (Beta-
dine), Groups III and IV which were treated with 10% 
and 20% (w/w) ointments of ethanolic Basella alba 
stem extract, respectively. All the treatments were giv-
en topicallythricea day. In wound healing model sim-
ple oitment base was used as an control.

Burn Wound Model

Partial thickness of burn wounds were inflicted on 
overnight in starved animals under lignocaine an-
esthesia by pouring the hot molten wax (2 g) at 80 
°C. The wax was poured on the animal shaven area 
through a cylinder of 300 mm2 circular opening. 
The wax gets to remain on the skin till it gets solidi-
fied. Immediately after the injury and on subsequent 
days, the drug or base was applied topically as men-
tioned [22].

Percentage wound healing = 100-[final diame-
ter(cm) × 100/ initial diameter (cm)]

Microbial Cultures 

Microbial cultures were obtained from Microbes 
Speciality Lab.They are aseptically maintained in 
our laboratory. The gram positive bacteria areStaph-
ylococcus aureus (ATCCBAA 1026), Bacillus subtilis 
(ATCC 11774) . The gram negative bacteria used in 
the study were Escherichia coli (ATCC 10536)and 
Pseudomonasaurgenosa(ATCC 10662).

Antimicrobial Activity

The antimicrobial screening is based on measur-
ing the diameters of the zones of inhibition around 
the cylindrical cups incubated with different con-
centrations of ethanolic Basella alba stem extract. 
For this,sabouraud dextrose agar plates (SDA) seed-
ed with microbial cultures were used. The cups of di-
ameter 6mm wereprepared by using sterile borer in 
the microorganisms diffused agar medium. The 50μL 
ethanolicBasella alba stem extract inconcentration of 
100,200mg/ml dissolved in DMSO were filled in the 
wells. For antibacterial activity, gentamycin (25μg/
ml) was used as standard drug. All the prepared 

Table 1: Preliminary Phytochemical Screening of 
Basella alba stem Ethanolic Extract

Compounds EE

Alkaloids +ve

Phenolics +ve

Glycosides +ve

Flavonoids +ve

Saponins +ve

Triterpenoids +ve

Tannins +ve

Carbohydrates +ve

Proteins +ve

+ve -Presence

Table  2 : Quantitative screening of phytochemi-
cals of of Basella alba stem Ethanolic Extract

Content Basella alba stem 
Ethanolic Extract 
(mg/g)

Alkaloid content 3.82 ± 0.39 

Flavanoid content 4.42 ± 0.43 

Phenolic content 1.16 ± 0.26 

All the values were expressed in mean ± SEM, n = 3
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Figure 1 : Calibration curve of Gallic acid

Figure 2 : Calibration curve of Quercetin

Figure 3 : Calibration curve of Atropine
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plates with extracts and standard were kept in a re-
frigerator at 2 to 8 °C for a period of 2 h for effective 
diffusion of test compounds and standards. Later, 
they were incubated at 37 °C for 24 h. The assay was 
carried out in triplicate. The diameter of the zone of 
inhibition was measured and recorded23. The control 
used in antimicrobial activity is DMSO.

Statistical Analysis 

Statistical analysis was carried out by using either 
one-way analysis of variance (ANOVA) or unpaired 
t-test and then followed by post tests like Dunnett’s 
test for multiple comparisons by using Graph Pad 
Prism Software .

RESULTS

Preliminary and Quantitative Phytochemical 
Screening

The ethanolic extract was dark brown in colour.

The results of preliminary phytochemical analysis of 
ethanolic extract of Basella alba stem indicated the 
positive result for the secondary metabolites likePh-
enols, alkaloids,flavanoids,Steroids,Triterepenoids 
(Table 1).

Wound Healing Activity 

When compared to control group, the wound 
healing ability of ethanolic extract of Basella alba 
stem of different concentrations by using oleagi-
nous ointment base on burn wound models was 
significantly greater. Similarly, when compared to 
standard drug (povidone iodine ointment) treated 
group the ethanolic stem extracts ointment treated 
groups showed wound healing on 3rd day onwards 
in burn wound models.The results were indicated 
in tables 3&4.

Burn Wound Model

The epithelialisation period was greater with 20% 
dose of Basella alba stem extract and 100% wound 

Table 3:Effect of ethanolic extract prepared ointment of Basella alba stem by using oleaginous ointment base for healing in 
burn wound model

Groups

Post wounding days

Period of 
epitheliali-

sation0 day 3rd day 6th day 9th day 12th day 15th day 18th day 21st day

Control (Oleagi-
nous  Ointment 

base)
2.65±0.01 2.57±0.01 2.24±0.02 1.95±0.01 1.54±0.02 0.89±0.02 0.75±0.03 0.54±0.01 23.69±0.12

Standard (Beta-
dine)

2.67±0.01 2.41±0.04 1.74±0.02 0.95±0.02 0.11*±0.01 13.67±0.38

Ethanolic extract of 
Basella alba stem 
(10%w/w oint-

ment)

2.02±0.02 1.85±0.06 1.62±0.025 1.26±0.3 1.00±0.28 0.80±0.04 0.28*±0.02 17.66±1.5

Ethanolic extract of 
Basella alba stem 

(20%w/w ointment
2.43±0.2 2.04±0.04 1.53±0.035 1.4±0.045 0.98±0.04 0.25*±0.03 15.33±0.83

Valuesareexpressed interms ofmean± SEM;n=3animals ineachgroup;
*p<0.05.Statisticallysignificant differenceincomparison with control group.
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Table 4:Wound Healing Percentage by Basella alba Ethanolic Stem Extract Oleaginous Ointment Base in 
Burn Wound Model

Groups Percentage(%) ofwoundhealing ontheday

3rd

day

6th

day

9thday 12th

Day

15th

day

18th

day

21st

Day

Control (Oleaginous  Ointment base) 3.01 15.47 26.41 41.88 66.41 71.69 79.62

Standard (Betadine)
9.73 34.83 64.41 95.88

Ethanolic extract of Basella alba stem 
(10%w/w ointment)

8.41 19.80 37.62 50.49 60.39 86.13

Ethanolic extract of Basella alba stem 
(20%w/w ointment

16.04 37.03 42.38 59.67 89.71

Values are expressed as mean  percentage in each group; 

0th day 3rd day

9th day
15th day

Figure 4: Effect of ethanolic extract prepared ointment of Basella alba stem on burn wound healing model
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Table 5: Zone of inhibition of ethanolic extract of Basella alba stem

Type of 
bacteria

Name of microor-
ganism

Control

(DMSO)

Ethanolic 
extract

(100mg/ml)

Ethanolic 
extract

(200mg/ml)

Gentamycin

(25ug/ml)

Gram 
positive 
bacteria

Staphylococcus 
aureus

7.2±0.45
11.5±0.5 13.36±0.55 15.2±0.2

Bacillus subtilis
6.2±0.36

13.56±0.41 15.53±0.4 19.23±0.25

Gram 
negative 
bacteria

Escherichia coli
8.1±0.35

12.43±0.51 14.56±0.49 22.13±0.15

Pseudomonas aeru-
genosa

6.45±0.54
8.26±0.31 18.5±0.4 15.1±0.1

contraction was observed for ethanolic extract on 
(15.33±0.83) days respectively, which were almost 
similar to that of povidone iodine ointment treated 
group (13.67±0.38) days.The group of rats treated 
with ointment prepared with 10% of ethanolic ex-
tractshowed wound contraction on 6th day onwards 
and achieved 100% wound healing in (17.66 ±1.5) 
days, as shown in Table 3&4 and Figure 4.

Antibacterial Activity

The present study was carried out to evaluate 
antimicrobial activities of various extracts of Basel-
la alba stem.Thestem extract was prepared using 
95%ethanol. The extract of Basella alba stemwas 
tested for their antimicrobial efficiency against 
gram positive bacteria which includes Staphylococ-
cuaureus,Bacillus subtilis, gram negative bacteria 
which includes Escherichia coli, Pseudomonas aeru-
genosaat a dose of 100mg/ml and 200mg/ml. The 
standard drugused for comparison was Gentamy-
cin. The ethanolic extract at the dose of 100mg/ml 
showed the inhibition zone of Staphylococcus aureus 
equal  to 11.5±0.5, of Bacillus subtilis13.56±0.41,of 
Esericchia coli 12.43±0.51 and of Pseudomonas aeru-
genosa8.26±0.31,Extract of 95% ethanol at a dose of 
200mg/ml showed the inhibition zone of Staphylo-
coccus aureus equal to 13.36±0.55, of Bacillus subti-

lis 15.53± 0.40, of Escherichia coli14.56±0.49 and of 
Pseudomonasaerugenosa (18.5± 0.4).These results, 
along with those of the control group and the stan-
dard drug  are presented in Table 5 and Figure 5.

DISCUSSION

The preliminary qualitative and quantitative phy-
tochemical screening of the ethanolic extract shows 
presence of alkaloids and flavonoids (Table 1 & 2 ). 
In the present study, burn wound model was used 
to assess the wound healing activity of Basella alba 
stem extract on various phases of wound healing. 
The main aim of wound healing is to close the wound 
without causing discomfort and less pain to the pa-
tient in the short time. After 8days of injury,redness 
and swelling was reduced this indicates that the pre-
pared ethanolic extract ointment hastissue debride 
effect. 

The phytochemical constituents present in Basel-
la alba stem may be responsible for wound-healing 
activity of Basella alba stem.The accelerated process 
of wound healing may be due to the individual or the 
additive effects of the phytoconstituents function. 
The increased epithelialisation period observed in 
our study may be contributed by the phytoconstit-
uents present in Basella alba stem.Groups treated 
with ointment prepared with ethanolic extract ex-
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Figure 5: Zone of inhibition of Ethanolic Extract of Basella alba stem

The present study was carried out to evaluate antimicrobial activities of various extracts of 

Basella alba stem.Thestem extract was prepared using 95%ethanol. The extract of Basella alba 

stemwas tested for their antimicrobial efficiency against gram positive bacteria which includes 

Staphylococcuaureus,Bacillus subtilis, gram negative bacteria which includes Escherichia 

coli, Pseudomonas aerugenosaat a dose of 100mg/ml and 200mg/ml. The standard drugused 

for comparison was Gentamycin. The ethanolic extract at the dose of 100mg/ml showed the 

inhibition zone of Staphylococcus aureus equal  to 11.5±0.5, of Bacillus subtilis13.56±0.41,of 

Esericchia coli 12.43±0.51 and of Pseudomonas aerugenosa8.26±0.31,Extract of 95% ethanol 

at a dose of 200mg/ml showed the inhibition zone of Staphylococcus aureus equal to 

13.36±0.55, of Bacillus subtilis 15.53± 0.40, of Escherichia coli14.56±0.49 and of 

Pseudomonasaerugenosa (18.5± 0.4).These results, along with those of the control group and 

the standard drug  are presented in Table 5 and Figure 5. 

Table 5:Zone of inhibition of ethanolic extract of Basella alba stem 

Type of 
bacteria 

Name of 
microorganism 

Control 
(DMSO) 

Ethanolic 
extract 

(100mg/ml) 

Ethanolic 
extract 

(200mg/ml) 

Gentamycin 
(25ug/ml) 

Gram 
positive 
bacteria 

Staphylococcus 
aureus 

7.2±0.45 
 11.5±0.5 13.36±0.55 15.2±0.2 

Bacillus subtilis 6.2±0.36 13.56±0.41 15.53±0.4 19.23±0.25 

Gram 
negative 
bacteria 

Escherichia coli 8.1±0.35 12.43±0.51 14.56±0.49 22.13±0.15 

Pseudomonas 
aerugenosa 

6.45±0.54 8.26±0.31 18.5±0.4 15.1±0.1 

 

 

Figure 5:Zone of inhibition of Ethanolic Extract of Basella alba stem 

hibited increasedepithelialisation period and the 
phytoconstituemts present helps to increase in col-
lagen and results infibres stabilization24.

Basella alba 

Stemextract exhibited promising and some-
what better wound healing promoting activity 
similar to that of the standard povidone iodine 
ointment(Betadine).Ethanolic extract prepared 
ointment was found to show antibacterial effica-
cy against gram positive and gram negative or-
ganism which include Escherichia coli, Bacillus 
subtilis, Staphylococcus aureusandPseudomonas 
aerugenosa. The extract has an antibacterial ef-
fect against the selected organisms in this study 
suggesting that the wound healing activity of 
Basella alba stem extract may be by an antibacte-

rial activity mechanism.The presence of various 
phtochemicals like phenols ,flavonoids and alka-
loids are responsible for the therapeutic poten-
tial exerted by Basella alba stem

CONCLUSION

The present study has demonstrated that the 
ethanolic extract of  Basella alba stem has prop-
erties that arecapable of promoting increased 
wound-healing activity compared to that of place-
bo control.The plant has shown also significant an-
timicrobial activity. It may be due to the presence 
of major active constituents present in the plant. 
Further studies are required to confirm the main 
active constituents responsible for the activity. The 
above results could justify the inclusion of the plant 
in the wound healing management in folk25. 
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One of the main obstacles to the development and delivery of drugs 
is poor drug solubility. Lyophilization is one of the common techniques 
that has been utilized to formulate alternative solid dosage forms that 
has the potential to improve drug delivery. In the present work, Olan-
zapine was manufactured using this technique to develop convenient 
and easy-to-administer rapidly disintegrating tablets as oral lyophili-
sates for the treatment of psychotic disorders.

By dispersing the medication in an aqueous solution of mannitol, 
MCC, various binders, and glycine, various formulations of Olanzapine 
oral lyophilisates were prepared. By assessing the hardness, disinte-
gration time, wetting time, and dissolution time, the effect of manni-
tol, MCC, and various binders on the oral lyophilisates' properties was 
investigated. Furthermore, FTIR, DSC, and SEM were used to further 
characterize the produced oral lyophilisates.

The formed Olanzapine oral lyophilisates resulted in rapid tablet 
disintegration (11.6 to 23.5 sec) and a drug dissolution of 48.7% to 
77.7% within two minutes. The FTIR spectra showed no drug-excip-
ient interactions, while the DSC and SEM results show the crystalline 
state of Olanzapine in the pure drug and the physical mixture and there 
is clear evidence of transformation to the amorphous state during the 
formation of the oral lyophlisates. To conclude, this work succeeded in 
production of Olanzapine oral lyophilisates (Formula 7) with rapid dis-
integration, rapid dissolution and with no evidence for drug-excipient 
interactions.

ABSTRACT
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Introduction

Mental illnesses are quite prevalent. In the US, 
about 20% of individuals have mental illness in 20191. 
Although there are several types of drugs (typical and 
atypical antipsychotic medicines) available for the 
treatment of mental illnesses, the situation is signifi-
cantly worse, especially in the case of old individuals 
for whom simple dose modification and maintenance 
is crucial2. The Food and Drug Administration has au-
thorized the second-generation atypical neuroleptic 
medication, Olanzapine, (Figure 1) for use as a first-
line therapy for the treatment of bipolar disorder-re-
lated mania and schizophrenia. 

Nevertheless, olanzapine has inconsistent bioavail-
ability due to its poor water solubility (12–44 μg mL-
1) and slow dissolving rate. Moreover, the drug un-
dergoes substantial first-pass metabolism3. Several 
formulation strategies, such as intranasal microemul-
sion, solid dispersion, self-nanoemulsifying drug de-
livery systems, nanosuspensions, and many more, 
have been reported to improve Olanzapine's solubil-
ity and bioavailability. In addition, orally disintegrat-
ing tablets (ODTs) represented a feasible approach 
that entered the market as a possible treatment for 
low compliance of patients on antipsychotic drugs2.

Oral fast dissolving dosage forms, sometimes re-
ferred to as fast-dissolving, fast-melting, or orodis-
persible, are innovative dosage forms that include 
quick disintegration or dissolution of the system that 
enters into a solution or suspension in the mouth 
without the need for water4. The dosage form imme-
diately starts to breakdown as it comes into contact 
with saliva, and it is finished within a few seconds af-
ter intake5. 

One advantage of manufacturing the medication in 
an oral dispersible form is the reduced risk of Olan-
zapine's metabolic side effects, such as weight gain6. 
This tendency of avoiding peripheral side effects was 
discovered in 2004 by De Haan et al. They demon-
strated that individuals with schizophrenia who con-
verted from regular Olanzapine tablets to the ODTs 
form had lost weight6, Olanzapine-related weight 
gain appears to be correlated with higher food in-
take because of a post-meal satiety that is delayed. 

At 5-HT-type receptors both within and outside the 
brain, olanzapine displays strong binding affinities 
for serotonin. In contrast to conventional oral tab-
lets, Olanzapine ODTs produce a more rapid onset of 
absorption. It is hypothesized that this shortens the 
interaction of olanzapine with the 5-HT2-type recep-
tors in the pylorus as well as the 5-HT3 receptors, 
which comparatively preserves saturation feedback 
mechanisms and controls or reduce food intake6. An 
additional supporting rat study showed that central 
Olanzapine administration does not have the same ef-
fects as acute intra-gastric Olanzapine treatment in 
terms of hyperglycemia and insulin resistance. This 
suggested that peripheral mechanisms rather than 
a central role in Olanzapine's metabolic side effects 
might be involved7.

A variety of methods, including tablet molding, 
spray drying, sublimation, lyophilization, solid dis-
persion, and the inclusion of disintegrants, might be 
used to create the ODTs8. But due to the straightfor-
ward and affordable manufacturing process, lyoph-
ilised tablets have been one of the most often used 
type1,9,10.

Lyophilized formulations have the benefit of being 
very soluble, light, and porous products. The freeze-
dried dosage forms have great stability, quick recon-
stitution, and good preservation. For the production 
of freeze-drying tablets, a porous matrix must be cre-
ated by water sublimation from the previously fro-
zen preparations11. In addition to the quick disinte-
gration time brought on by water seeping through the 
highly porous matrix in which the active ingredient 
is trapped or dissolved, the lyophilized ODT will de-
compose into a liquid with a pleasant mouthfeel. Be-
fore lyophilization, the API is normally dissolved in or 
held in suspension of a liquid bulk formulation. When 
compared to compressed ODTs, a liquid formulation 
is simpler to dose volumetrically than a powder com-
bination, which typically results in improved dosage 
accuracy. Also, the prepossessing procedures are sig-
nificantly safer since all of the components are moist 
and contained within the bulk formulation12.

The matrix of the lyophilised tablets should have 
two components that operate in tandem to ensure 
the formation of a good formulation. The first ele-
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ment that keeps the shape of the tablets and gives 
them mechanical strength is the matrix former. Algi-
nate, gelatin, dextrin, and maltodextrin are examples 
of water-soluble polymers that frequently make up 
the matrix13. The second component consists of ma-
trix-supporting and disintegration-enhancing com-
ponents like sucrose and mannitol that operate by 
adhering to the porous framework made by the wa-
ter-soluble polymer and accelerating the breakdown 
of the fast-dissolving tablets11.

The purpose of this research is to create an oral dis-
integrating tablet (lyophilised) Olanzapine. Different 
additives and matrix formers have been tested. Ad-
ditionally, the selected formulations and the already 
marketed product were compared.

Materials and Methods

Materials 

Al Kindi pharmaceutical company (Iraq), generous-
ly, provided Olanzapine powder, the active medicinal 
component. Microcrystalline cellulose (MCC) PH-102 
was supplied by JRS pharma, US. Mannitol powder 
was purchased from Scharlau, Spain. Schisolazine® 
5mg tablet purchased from Wadi El Neel Benta , Egypt. 
All other ingredients were of analytical grade. 

Methods

Olanzapine oral lyophilisates preparation

Through the lyophilization technique, ten distinct 
formulations of Olanzapine orally disintegrating tab-
lets (5 mg) were developed. Table 1 demonstrates the 
different types and concentrations of matrix formers 
and binders used. The matrix formers were mannitol 
and microcrystalline cellulose14, the latter also acts as 
a disintegrant and binder15. According to their concen-
trations, polyvinylpyrrolidone and poloxamer were 
used as stabilizers16 , and hydroxy propyl methyl cel-
lulose was used as viscosity modifier and as binder , 
glycine was used as disintegration accelerant15.

For each formula, 15 ml suspension was prepared. 
The stated amounts of each of the matrix formers, 
binder polymers, and the bulking agents have been 
dispersed in distilled water and stirred with a magnet-
ic stirrer (Fisher Scientific, Korea) for about 30 min. 
Then Olanzapine was dispersed in the former solu-
tions, with stirring, to produce 5mg/ 0.5 ml and yield 
a total amount of 150 mg for each formulation17.

 The needed quantity of the suspension was placed 
into blister packs with a cavity depth of 3 mm and a di-
ameter of 13 mm using a syringe. The blister packs were 
then wrapped in aluminum foil and perforated. The for-
mulations were frozen at about -70 ºC for 2 hr, and ly-
ophilised in a lyophilizer (OLABO, China) for  24 hrs at a 
temperature of less than -50 and pressure drop of less 
than 10 Pa,18. Finally, the resultant formulations were 
coded and stored in sealed containers for further differ-
ent evaluation. 

Evaluation of Olanzapine oral lyophilisates

Hardness

A tablet's strength is determined by how much pow-
er is required to break it, which is how hard it is. The 
force was expressed in Newtons. Using a tablet hard-
ness tester ( YD-1, Lpmie, China), ten of the manu-
factured Olanzapine oral lyophilisates were evaluat-
ed for hardness19.

 

 

 

 

 

Figure 1: Chemical structure of olanzapine 
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Table 1: The composition of different  formulae of Olanzapine lyophilisate
Ingredients

%(w/v)

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

Olanzapine 1 1 1 1 1 1 1 1 1 1

Mannitol 50 75 75 90 90 90 50 90 90 90

MCC-PH 102 - - 25 - 10 15 - 10 10 10

PVP-K30 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.6 - -

Poloxamer-188 - - - - - - - - 0.3 0.6

HPMC-K4M - - - - - - 2 - - -

Glycine 1 1 1 1 1 1 1 1 1 1
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Figure 2: Comparison of hardness of the tablets from the successful formulations F5, F7, and 

Schisolazine® 5mg marketed tablets 

 

  Weight variation 

Using an electronic balance (Adam Equipment, PW 
124, UK), 20 of the prepared Olanzapine oral lyoph-
ilisates were weighed. Both the average weight and 
weight variation were computed20.

Drug content 

From the optimized formulations, ten Olanzap-

ine oral lyophilizate tablets were randomly chosen, 
crushed, and mixed. An amount equivalent to 5 mg of 
Olanzapine was weighed, mixed with 50 ml of 0.1N 
HCl solution21, and then filtered via a 0.45 microm-
eter filter. Using a UV-visible spectrophotometer 
(Labomed UVD-3000, USA) and 0.1N HCl as a blank, 
1ml of the solution was obtained, diluted to 10 ml 
with 0.1N HCl, and then tested for drug concentra-
tion at 258 nm. The measurement was carried out 
three times22.
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In vitro disintegration test

The in vitro disintegration test for uncoated tablets 
was carried out in accordance with USP 33-NF 2821. The 
disintegration time was evaluated using the disintegra-
tion instrument (BJ-2 Huanyu, China) with distilled wa-
ter 900 ml as a medium [20] held at 37± 0.5°C using six 
randomly selected Olanzapine oral lyophilisates. The 
findings were calculated as average values (n = 6)23. 

Wetting time and water absorption ratio

The commercially available tablets (Schisolazine®) 
and those from the best formulations were careful-
ly placed on a circular piece of tissue paper with a di-
ameter of 10 cm, which was immersed in a petri dish 
with a 5 ml aqueous solution of orange dye (1% w/v). 
The amount of time it takes water to reach the sur-
face of the tablet is known as the wetting time. To cal-
culate the water absorption ratio, R, the pill's weight 
before and after soaking was measured in the same 
way as previously.

R= 100 (Wa - Wb/Wb) …. (1)  

Wb = Weight of tablet before absorption of water
Wa = Weight of tablet after water absorption19. 

Dissolution test 

The USP dissolution apparatus type II (Copely, UK) 
was used to determine the dissolution profile of Olan-
zapine oral lyophilisates, with a paddle rotation speed 
of 50 rpm. At 37.5°C, the test was conducted using 
900 ml of 0.1N HCl. After 1, 2, 4, 6, 8, 10, 15, 20, 25, 
and 30 min, 5 ml sample of the best formulations and 
that of the commercial Olanzapine oral lyophilisates 
were withdrawn and filtered. Fresh medium was add-
ed to compensate the amount for each sample that 
was removed. Utilizing a UV-visible spectrophotom-
eter (Labomed UVD-3000, USA), the concentration 
of the medication that had been released was deter-
mined at 258 nm. The measurement was carried out 
three times24.

Differential scanning calorimetry 

Thermal properties of olanzapine, physical mixture, 

 

 

 
                               (A)                                             (B) 

 

Figure 3: The successful formulations of Olanzapine oral lyophilizates; (A) F5, and (B) F7 
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and the lyophilized tablet formulations were investi-
gated using differential scanning calorimetry (DSC) 
(Q2000 TA Instruments, New Castle, DE, USA). Sam-
ples weighing 5-20 mg were sealed in aluminum pans 
and heated at a rate of 10 °C/min under nitrogen purg-
ing throughout a temperature ranging from 20 to 200 
°C for DSC analysis25. 

Scanning electron microscopy

Samples of the pure drug (olanzapine), physical 

mixture, and the lyophilized tablet formulations were 
investigated for their crystals’ shape, morphology, and 
topography using a scanning electron microscope 
(SEM) (Thermo Scientific Apreo, FEI Company, Hills-
boro, Oregon, USA). Samples were gold-coated using a 
sputter coater (Quorum Technology Q150TS, Ashford, 
Kent, UK) before scanning. The sputtering gas used 
was argon, the chamber was under a pressure of 10-2 
mbar, and the applied voltage was 1 kV with a plasma 
current of 18 mA for a total of 120 sec. The scanning 
by SEM was performed and photomicrographs were 

Table 2: Evaluation parameters for lyophilized orally disintegrating tablets

Formulas Friability Hardness 
(N)a

weight 
variation 
(%)b

 

Drug content 
(%)

Disinte-
gration 
time (sec)c

Wetting 
time(sec)d

Water 
absorption 
ratio (%) 
after 10 
secd

2 min drug 
release 
(%) c

F1 No tablets - - - - - - -

F2 No tablets - - - - - - -

F3 Fragile 
tablet 3.33±1.15 1.07±0.008 - 10±0.00 - - -

F4 Fragile 
tablets - 4.92±0.031 - 60.26±0.09 - - -

F5 Good 
tablets 5.8±1.05 1.79±0.020

103.72%±2.20
11.6±2.08 14.5±0.707 46.5%±2 48.65±1.35

F6 Fragile 
tablets 1.30±0.001 7±1 - - -

F7 Good 
tablets 14.33±2.68 2±0.017 101.27%±1.91 23.5±1.5 39±8.485 5.3%±0.54 77.67±0.37

F8 Fragile 
tablets - 6.43±0.025 22±8.18 - - -

F9 No tablets - - - - - - -

F10 No tablets - -
-

- - - -

Schisola-
zine® 5mg 
tablet

- 76.43±30.5 1.443±0.75
97.12%±1.54

23.43±2.9 52.4±4.4 82.1%±4.5 96.55±1.3

a Data are expressed as mean±S.D, n =10, b Data are expressed as mean±S.D, n =20, c Data are expressed as mean ±S.D, n 
=6, d Data are expressed as mean ±S.D, n =3
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taken at an acceleration voltage of 3 kV25.

Fourier transform infrared spectroscopy (FTIR)

The test was performed for the pure drug, the 
drug-excipient physical mixtures including Olanzap-
ine with mannitol, MCC, PVP, HPMC, and glycine in 
a ratio of 1:90, 1:10, 1:0.3,1:2, and 1:1 respectively, 
and for the succeeded formulations, to determine any 
possible interaction. It was carried out using an FTIR 
spectrophotometer (Bruker-FTIR, Germany), with a 
resolution of 4 cm and a scanning range of 400–4000 
cm-117.

Statistical analysis

The experimental results were analyzed using the 
one-way Analysis of Variance (ANOVA) test using Or-
igin software (version 8.0, OriginLab), and a p-value 
of less than 0.05 was considered significant (n = 3).

Results and discussion 

Hardness

The hardness of all the produced tablets are ex-

pressed in Table 2 and Fig. 2. The hardness ranges 
from 3.33±1.15 to 14.33±2.68 Newton. There is a sta-
tistical significance difference in hardness among F3, 
F5 and F7 (p<0.05). 

The general hardness is low, as one might anticipate. 
This is because there is no compression process used 
in the creation of lyophilised tablets; instead, they are 
made using a lyophilization procedure. However, tab-
lets should be hard enough to be removed from the 
blister and being handled without any breakage. Nev-
ertheless, there is no possibility for attrition during 
the transportation or handling, this is mainly due to 
the complete filling of the lyophilised tablets inside 
the blister and there is no extra space for tablets inside 
the blister as shown  Fig. 3. As demonstrated in Ta-
ble 2 only F3, F5 and F7 succeeded in producing tab-
lets that can be handled. Other formulae were failed. 
The marketed oral dispersible product (Schisola-
zine)® differs from the made formulations, it exhib-
ited high hardness (p<0.05), which is due to their dif-
ferent technique used during production. Remarkably, 
F7 showed higher hardness than F3 and F5 (p<0.05) 
and this may be explained by the existence of HPMC, 
which act as binding agent as illustrated in Fig. 126. 
Comparing the formulations that contain different 
concentrations of mannitol (F1, F2, F4 and F5) reveals 
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Figure 4: Disintegration time of the different formulations of olanzapine oral lyophilisates 
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Figure 5: Comparison of the disintegration time of the succeeded tablets from the formulations F5, F7, 

and Schisolazine® 5mg tablet 
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that using mannitol alone cannot produce tablets with 
good mechanical properties without addition of suit-
able binding agent. 

Weight variation

Weight variation of the resulting tablets is illustrat-
ed in Table 2, and it is in the range of 1.07%±0.008 to 
6.43%±0.025. Indeed, according to USP requirement 
the acceptable weight variation for tablet weighing 
less than 130 mg is ± 10%. According to the results all 
the variations were within narrow limit and this indi-
cates good uniformity of tablet production.

In vitro Disintegration test

There was a statistically significant difference in the 
disintegration time of F4 when compared to other for-
mulations (p<0.05), as shown in Fig. 4. The disinte-
gration time of the tablets from various formulations  
was in the range of 7±1 sec to 60.26±0.09 sec,  Fig. 4 
demonstrated the significant difference in disintegra-
tion of F5 when compared with F7 and the investigat-
ed marketed product.

It is necessary to mention that not all the formu-
lations were capable to produce lyophilised tablets. 
As demonstrated in Table 2, some of the formula-
tions were failed including F9 and F10, which were 
prepared using poloxamer-188 as stabilizer. Indeed, 
Poloxamer-188 was used as stabilizer in preparation 
of meloxicam lyophylisate, however, the used concen-
tration was higher than the concentrations we used 
in this study5.Nonetheless, the disintegration time 
of the prepared formulations that were successful in 
producing tablets might be ordered in an ascending 
manner as follows: F6<F3<F5<F8< marketed prod-
uct < F7 <F4 as shown in Fig. 4.

As shown in Fig. 5, there is a remarkable statisti-
cal difference between the disintegration times of the 
successful tablets from formulations F5, F7, and the 
marketed product (p<0.05). F5 demonstrated fast 
disintegration (11.6±2.08 sec) in comparison to F7 
(23.5±1.5sec) and Schisolazine® (23.43±2.936 sec). 
This may  be due to the presence of high percentage 
of mannitol as bulking agent in addition to the use 
of MCC27. However, the disintegration time for all of 
the successful formulations are in compliance with 
the specifications of USP, which revealed that orally 
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disintegrating tablets should be disintegrated with-
in 30 seconds20. In addition, the results are in compli-
ance with the European pharmacopeia requirement 
for orodispersible tablets disintegration time, which 
should be less than 3 min20.

On the other hand, when comparing the formula-
tions which contain the same amount of mannitol (F4 
with F5 and F6), there were statistically significant 

differences (p<0.05) in the disintegration time and 
this could be attributed to the concentration of mi-
crocrystalline cellulose (MCC), which were used at 0, 
10 and 15 % in F4, F5 and F6, respectively. Evident-
ly, the speed of disintegration accelerated with high-
er MCC concentration as MCC act as a disintegrant 
and drain water into tablets and this lead to rapid 
disintegration28.
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Figure 6: Comparison of the wetting time of the successful tablets from the formulations F5,  F7, and 

Schisolazine® 5mg tablet 
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Figure 7: Comparison of water absorption ratio of the successful tablets from the formulations F5, F7, 

and Schisolazine® 5mg tablet 
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Wetting time and water absorption ratio

Wetting time for the succeeded formulations F5 
and F7 was 14.5±0.707 sec and 39±8.485 sec, re-
spectively. However, the marketed tablets exhibit-
ed longer wetting time (52.4±4.468 sec) and there 
was a statistical difference among them (p<0.05) 
as demonstrated in Fig. 6. The water absorption 
ratio for F5, and F7 was 46.5±2% and 5.3±0.54% 
respectively, and for the marketed tablets it was 

82.1±4.52% (p<0.05) Fig.7. 
The results of wetting time and water absorption ra-

tio were directly related to the disintegration time as 
shown in Table 2, Fig. 6, and they were a function of 
the disintegration mechanism29. Microcrystalline cel-
lulose in F5 has a good capillary ability, and it is a kind 
of porous granules with wicking property, in addition 
to that presence of PVP that has porous structure, and 
mannitol with its hydrophilic properties, enhance wa-
ter penetration30.
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Figure 8: Percentage of drug release from F5, F7 Olanzapine oral lyophilisates and from the marketed 

product. 
 
 

Differential scanning calorimetry  
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Table 3: The endothermic peaks of the investigated samples measured by DSC 

Samples Endothermic peak 

Table 3: The endothermic peaks of the investigated samples measured by DSC
Samples Endothermic peak

Olanzapine alone 196°C
Mannitol alone 170.6°C

Physical mixture of Olanzapine with mannitol  196°C and

 171°C
F5  167.48°C
F7 169.24°C
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 The water absorption are presented in Table 2. 
When comparing the formulation that contains MCC 
(F5) with that without MCC (F7), there was a statis-
tical significant difference between them (p<0.05), 
as illustrated in Fig. 7, which may be due to the com-
bined effect of MCC that has a good wicking and ab-
sorbing capacity, and mannitol that has good wet-
ting property and aqueous solubility in F530.

Dissolution test

The dissolution profiles of the produced tablets 
of formulations F5, F7, as well as the commercial 
product are illustrated in Fig. 8 . According to Ta-
ble 2, the drug release at 2-minutes for F5 and F7 
was 48.65±1.35 and 77.67±0.37 min, respectively 
and for the marketed product it was 96.55±1.35 %. 

In contrast to F7, where the matrix former was man-

17 
 

 

 

 

 

Figure 9: DSC Thermogram of Olanzapine (A), Mannitol (B), Olanzapine and mannitol (C) , F5 (D)  and 
F7 (E). 

Scanning Electron Microscopy 
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nitol alone, F5, which is prepared with the mannitol 
and MCC, showed a slower Olanzapine dissolution 
profile as shown in Fig. 8. This is inconsistent with 
the results of the disintegration test, wetting time and 
water absorption ratio. The adsorption of such poorly 
soluble drug (Olanzapine) on MCC fiber may prolong 
its release and explain these contradiction31. Howev-
er, it is interesting to note that the addition of MCC 
in F5 formulation did not have a significant effect on 

the dissolution rate when compared with that in F7 
(p>0.05). Accordingly, F7 exhibited better dissolution 
profile than F5.

Differential scanning calorimetry 

The DSC spectra of Olanzapine alone, mannitol 
alone, Olanzapine with mannitol as a physical mixture, 
the succeeded formulations, F5 and F7, are shown in 
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Figure 10: Scanning electron micrographs of Olanzapine alone (A), Physical mixture of Olanzapine with 

mannitol (B), the successful formulation F5 (C) and the successful formulation F7 (D) 
 
 

Fourier transform infrared spectroscopy 
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Figure (11): FTIR spectra of Olanzapine (A), Olanzapine and mannitol (B), Olanzapine and 
MCC (C), Olanzapine and PVP (D), Olanzapine and HPMC (E), Olanzapine and glycine (F) ,  

Formula 5 (G) 
and Formula 7 (H) 
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Fig. 9 as A,B,C,D and E, respectively. The DSC scan of 
the pure Olanzapine sample presented a single, sharp 
endothermic peak at 196.32°C, which was similar to 
the melting point of the pure drug and this confirmed 
both the purity and high crystallinity of the drug32. 

As illustrated in table 3, the DSC scan for the physi-
cal combination of mannitol and Olanzapine displayed 
a small endothermic peak associated with Olanzapine 
at 196°C and a sharp peak at 171°C, which is very near 
to the melting point of mannitol stated at 168.5°C33. 
However, in F5 and F7, a boarder one peak was ap-
peared in both while the peak of Olanzapine disap-
peared suggesting that Olanzapine might be changed 
(upon lyophilization) to an amorphous state. 

Scanning Electron Microscopy

The images of scanning electron micrographs of 
Olanzapine alone, a physical mixture of Olanzapine 
and mannitol, and the successful prepared Olanzap-
ine oral lyophilisates (F5 and F7 formulations) are il-
lustrated in Fig 10. 

The results demonstrated that Olanzapine crystals 
were very clear in the pure drug and the physical mix-
ture, however, the micrograph of Olanzapine oral ly-
ophilisates F5 displays a matrix in which Olanzapine 
crystals are embedded or dispersed in comparison to 
no-crystals were seen with the lyophilisate formula 
coded F73,25. 

Fourier transform infrared spectroscopy

The obtained FTIR spectra of Olanzapine alone, and 
its physical mixture with mannitol, MCC, PVP, HPMC, 
and glycine, and of the successful formulations (F5, 
and F7) are shown in Fig. 11. FTIR analysis of Olanzap-
ine alone showed the following characteristic peaks: 
3216 cm-1 corresponding to the secondary amine, 
3061 cm-1 belong to aromatic C-H group, 2931cm-1 
for the aliphatic C-H, 2792 cm-1 for C=N group, 2465 
cm-1 for C=C aromatic and 744 cm-1 related to C-S 
aromatic.  

These characteristic peaks appear also in the physi-

cal blending of the drug with other ingredients, and in  
the successful formulations, F5 and F7 which shows 
there is no proof of an interaction between the Olan-
zapine drug and the excipients20,27. 

Conclusion

It is clear that rapid Olanzapine disintegration and 
dissolution were made possible by developing Olan-
zapine oral lyophilisates by lyophilization technology 
and employing mannitol as matrix formers. However, 
not all the formulations were able to produce lyoph-
ilised tablets; for example, mannitol by itself cannot 
create tablets with high mechanical qualities with-
out the inclusion of an appropriate binding agent. 
High-hardness tablets are made with the binding 
agent HPMC, while tablets with a quicker rate of disin-
tegration are made with the diluent MCC. The F7 Olan-
zapine oral lyophilisate with mannitol (50%), PVP 
(0.2%), and HPMC (2%), was considered successful 
formulation. F7 exhibited the best mechanical prop-
erties, fast disintegration times and fast drug releases. 

It is possible to conclude that this method repre-
sents a promising manufacturing process for the for-
mulation of Olanzapine orodispersible tablets, which 
are rapidly dissolve inside the mouth without the 
need for water, improving patient compliance and 
lowering the anticipated side effects associated with 
the conventional tablet dosage form.
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MEETINGS

ΕΚΔΗΛΩΣΕΙΣ

ΕΚΔΗΛΩΣΕΙΣ - MEETINGS
• JANUARY 28-FEBRUARY 1, 2024 ST. ANTON, AUSTRIA  
4th Alpine Winter Conference on Medicinal and Synthetic Chemistry
https://www.alpinewinterconference.org/

•APRIL 8-11, 2024 UTRECHT, THE NETHERLANDS 
EFMC-ACSMEDI Medicinal Chemistry Frontiers

• APRIL 8-11, 2024   UTRECHT, THE NETHERLANDS 
EFMC | ACSMEDI Medicinal Chemistry Frontiers 2024  
Joint Symposium on Medicinal Chemistry
https://www.medchemfrontiers.org/

• 23-25 MAY 2024   DEBRECEN, HUNGARY  
Joint Congress of the Hungarian Society for Pharmaceutical Sciences and EUFEPS Annual Meeting ‘Tradition 
and Innovation in Pharmaceutical Sciences’
https://cph2024en.clubservice-event.hu/

•18-21 JUNE 2024    MONTPELLIER, FRANCE 
Tetrahedron Symposium i
https://www.elsevier.com/events/conferences/all/tetrahedron-symposium

•23-26 JUNE 2024   ATHENS, GREECE 
9th European Congress of Pharmacology (EPHAR2024) 
Megaron Athens International Conference Center
https://ephar2024.org/

•SEPTEMBER 1-5, 2024  ROME ITALY 
XXVIII EFMC International Symposium on Medicinal Chemistry
https://www.efmc-ismc.org/

•22-26 SEPTEMBER, 2024   BARCELONA, SPAIN  
24th European Symposium on Quantitative Structure-Activity 
Relationships: Synergizing AI and Multiscale Modeling for Drug Discovery"
https://www.euroqsar.org/


