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Povzetek Namen raziskave je bil ovrednotiti vpliv propilen glikola 

-
in vitro

-Vis 
spektrofotometrije. Formulacija z dodanim propilen glikolom je 
iz ivno 

delijo.
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Abstract The aim of the study was to evaluate the effect of propylene 
glycol as a permeation enhancer on the permeation of diclofenac 
sodium from two compounded formulations through a Strat-
synthetic membrane under in vitro -based 
formulations were investigated: one without enhancer and one 
containing 24% (w/w) propylene glycol. Permeation was assessed 
using Franz diffusion cells and UV-Vis spectrophotometry. The 
formulation containing propylene glycol showed higher diclofenac 
concentrations, greater cumulative permeation, and a higher fraction 
of permeated drug. Differences became more pronounced over time. 
The results confirm that propylene glycol enhances diclofenac 
permeation and highlight the importance of rational formulation 
design in topical preparations.
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1 Uvod 
 

kompleksna zgradba, sestavljena 

uravnava prehod ksenobiotikov (Lopez-Ojeda idr., 2025). 
 
Epidermis, kot najbolj zunanja, 18 - 

1975). Ses

2023). Za pri
povrhnji sloj epidermisa (10
snovi (Footner idr., 2023; Hofmann idr., 2023; Menon idr., 2012). 
 
Dermis je 500 - 

idr., 2018; Wong idr., 2016). 

in hialuronsko kislino (Hofmann idr., 2023). 
 

 

plasti tvorijo cerami

lipofilne spojine. Stopnjo hidracije uravnavajo akvaporin-3 in dermalna hialuronska 
normalno transepidermalno izgubo vode (4 10 g h

idr., 2016). 
 
Dermalna in transdermalna aplikacija zdravil predstavljata strategijo za dostavo 

(Brito idr., 2024; Zhao idr., 2024). 
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(Brito idr., 2024; Jeong idr., 2021). 

sodelovanje bolnikov pri zdravljenju (Brito idr., 2024; Jeong idr., 2021). 
 

202

-kemijskih lastnosti zdravila, 
e in lastnosti formulacije (Zhao idr., 2024). 

 

molekulsko maso ali neugodnimi fizikalno-
Za premagovanje teh ovi
nanonosilci ter aktivne fizikalne metode, kot so iontoforeza, sonoforeza in mikroigle 
(Jeong idr., 2021). 

 
Nesteroidna protivnetna zdravila (NSAID) so prva izbira za zdravljenje akutne in 

-
temelji na zaviranju ciklooksigenaznih izooblik COX-1 in COX-

sistemski izpostavljenosti

NSAID kot terapijo prve izbire (Derry idr., 2015, 
2016). 
 

 formulaciji, visoka vrednost log P (4,51) pa lipofilnost, ki 
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hidrofobne in hidrofilne membrane (Pradal, 2020). 
 

Primerjalne in vitro 

pogojih (Milanowski idr., 2021). Emulgel z diklofenak dietilaminom je pokazal 
- hajanja kot hidrogel z natrijevim diklofenakom, 

permeacije (Milanowski 

 
 

ker se pogos

 
 

-

 
 

nosilcem in 
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(Patel idr., 2021; Pradal, 2020). 
 

energijsko bariero za permeacijo (Mistry in Notman, 2024). 
glikolov so podobno pokazale, da ti vplivajo na molekulsko gibljivost, strukturo in 

(Kis idr., 2022). 
 

 
Slika 1: Shematski prikaz predlaganega mehanizma 

permeacije v formulacijah diklofenaka. 

Poleg tega deluje kot ko-

idr., 

formulacijah z diklofenakom. 
 

natrijevega diklofenaka iz dveh magistralnih dermalnih formulacij z uporabo Strat-

permeacijske lastnosti formulacije. 
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alternativnih modelih (Derman idr., 2025). In vitro 
pomemben korak pred in vivo 

(Nair idr., 2025). 
 
Ex vivo 

-
membrana je debela ~300 
dveh poroznih plasti polietersulfona, ki skupaj posnemajo strukturne in kemijske 

relacijski koeficient 0,99 med difuzijskimi parametri na Strat-
85 % (Kaur idr., 2018; Kichou idr., 

). Milanowski idr. (2021) so potrdili, da je Strat-

 
 

undira in je nato kvantificirana z ustrezno analitsko metodo (Bouwer 
idr., 2025; Nair idr., 2025). 
 
2 Materiali in metode 
 

2.1 Materiali 
 

natrijev diklofenak (diclofenac sodium salt, Sigma-

diklofenaka vsebovala 24 % (m/m) propilen glikola, preostanek (75 % m/m) pa je 
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Uporabljene so bile Strat-
diskov, 
shranjene in uporabljene v skladu z navodili proizvajalca. Receptorski medij je bil 
Advanced DMEM/F-12 (Thermo Fisher Scientific), obogaten s 5 % (m/m) fetalnim 
govejim serumom (FBS, Thermo Fisher Scientific), 2 mmol/L L-glutamina (Sigma-
Aldrich), 100 U/mL penicilina in 1 mg/mL streptomicina (Sigma-Aldrich). 
 
2.2 Metode 
 
In vitro 

-6 (Logan Instruments Corp., ZDA). Volumen 

Receptorski medij je bil 
 

 
Strat-

obrnjena proti donorskemu predelku. Membrane pred uporabo niso bile dodatno 
obdelane. 
 

izhlapevanje in zagotovili konstantne eksperimentalne pogoje. 
 

0,5; 1; 2; 3; 4; 5; 6 

 
vsakem odvzemu in nadomestitvi. 

-Vis 

ustreza absorpcijskemu maksimumu natrijevega diklofenaka v receptorskem mediju, 
ugotovljenemu s skeni 400 nm. Meritve smo izvajali 
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medija (DMEM/F-
metode. Kvantifikacija je temeljila na umeritveni krivulji, pripravljeni z raztopinami 

0,040 
 

 
Vsak permeacijski poskus smo izvedli v treh paralelkah na formulacijo (n = 3). 

med formulacijama nismo izvajali. Vse primerjave med formulacijama so zato 
 

 

3 Rezultati 
 
3.1 Umeritvena krivulja in analitska ustreznost metode   
 

0,040 mg/mL. Vsaka izbrana koncentracija je bila analizirana v treh ponovitvah, za 

umeritvena krivulja je izkazovala linearno odvisnost med koncentracijo diklofenaka 
 

 

mg/mL, meja kvantifikacije (LOQ) pa  0,01446 mg/mL. Vrednost LOQ se nahaja 
znotraj kalibracijskega obm

 



142 ANALI PAZUHD.  

 

 

 
Graf 1: Umeritvena krivulja diklofenaka. 

 
3.2  
 

 

 
Graf 2  
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3.3  
 

membrane (Q

bile vrednosti Q  nizke z majhnimi razlikami med 

 

 
  

 

 

3.4 permeiranega diklofenaka (%) 
 

maso diklofenaka v rece
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. 

 
3.5 Odsotnost stacionarne faze permeacije 
 
Pri 

izkazovala linearne

fluks v stacionarnem stanju, per lag). 

 
 
4 Diskusija 
 
4.1 Vpliv sestave formulacije na permeacijo diklofenaka   
 

-

mehanizmu prehajanja, ki zahteva vzpostavitev koncentracijskega gradienta, in 
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Konsistentnost med absolutnimi (Q ) in relativnimi (%) rezultati potrjuje, da 

kumulativna absorpcija diklofenaka po 24 urah med komercialnimi pripravki z enako 

sprememba nosilca oziroma vgradnja diklofenaka v liposome opazno spremeni 
njegov ex vivo absorpcijski 

zadosten za opazno spremembo permeacijskega profila. 
 

glav lipidov 
-

integriteto. Poleg tega deluje kot ko-

s konceptom solute
vehicle skin interakcij, ki ga opisujejo Tapfumaneyi idr. (2025). 
 
Uporaba membrane Strat-
literaturi kot zanesljivega modela za in vitro 

kljub njuni sicer zelo podobni sestavi. Hkrati pa Strat-
dejavnikov, kot so encimska aktivnost, aktivni transport, krvni obtok ali variabilnost 
med posamezniki, zato je interpretacijo rezultatov potrebno obravnavati v kontekstu 
in vitro pogojev (Salminen idr., 2023). 
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stanju, permeabilnostnega koeficienta in Tlag. Nelinearen profil je verjetno posledica 
omejene difuzije skozi membrano, interakcij med formulacijo in membrano ali 

dodatno omejuje interpretaci
 

 

pe

bomo dodatno izvedli 

ex vivo 
 

 
5  
 
Izvedena in vitro 

-
diklofenaka v receptorskem medi

- dstavlja 

razvoja. 
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Opombe 

Kratice, uporabljene v besedilu: 

COX-1: ciklooksigenaza-1 

COX-2: ciklooksigenaza-2 

DMEM/F- -12 

F1   

F2   

FBS: fetalni goveji serum 

LOD: meja zaznave 

LOQ: meja kvantifikacije 

NSAID: nesteroidna protivnetna zdravila 

Q  : kumulativna koli ina permeirane u inkovine na enoto povr ine v asu t 

SD: standardni odklon  

Strat- in vitro  

 

UV- -vidna spektrofotometrija 

 

Zahvala 
Avtorji se zahvaljujejo Javni agenciji za znanstveno-raziskovalno in inovacijsko dejavnost Republike 

-0036 ter raziskovalnih projektov L7-
4494, J3-60058. in J2-70083. 
 
Extended abstract 

This study aimed to evaluate the effect of propylene glycol as a permeation enhancer on the in vitro 
permeation of diclofenac sodium from compounded topical formulations using a Strat-
membrane model. Topical nonsteroidal anti-inflammatory drugs (NSAIDs), such as diclofenac, are 
widely used due to their ability to provide localized therapeutic effects while minimizing systemic 
exposure. However, their clinical efficacy strongly depends on formulation composition, as the stratum 
corneum represents a major barrier to drug permeation. 
 

containing 1% (w/w) diclofenac sodium without a permeation enhancer (F1), and another containing 
the same concentration of diclofenac with 24% (w/w) propylene glycol (F2). The permeation study 
was conducted using Franz diffusion cells under controlled conditions, with Strat-
serving as a synthetic model of human skin. Diclofenac concentrations in the receptor medium were 
determined using UV-Vis spectrophotometry at 289 nm, the absorption maximum confirmed by full 
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spectrum scanning. The specificity of the method was ensured by using pure receptor medium 
(Advanced DMEM/F-12 with 5% FBS) as blank, eliminating the contribution of medium components 
to measured absorbance. Cumulative permeated amount per unit area (Q ) and normalized permeation 
percentage were calculated with standard volume-correction accounting for sample withdrawal and 
medium replacement. 
 
The results demonstrated a time-dependent increase in diclofenac permeation for both formulations, 
confirming gradual diffusion across the membrane. In the initial phase, differences between 
formulations were minimal, likely due to the time required for drug release from the vehicle and the 
establishment of a concentration gradient. As the experiment progressed, formulation F2 consistently 
exhibited higher diclofenac concentrations, greater cumulative permeated amounts, and higher 
normalized permeation perc

 
 
The enhanced permeation of F2 can be explained by the dual mechanism of propylene glycol: 
disruption of the lipid organization within the membrane barrier, reducing the energy barrier for 
diffusion, and co-solvent action increasing drug solubility and thermodynamic activity within the 
formulation (Mistry in Notman, 2024; Carrer idr., 2020). These combined effects are consistent with 
the concept of solute vehicle skin interactions (Tapfumaneyi idr., 2025). 
 
Permeation profiles did not reach a steady-state phase during the experimental period, precluding the 
determination of steady-state flux, permeability coefficient, and lag time. Additional limitations include 
the small number of replicates (n = 3), which restricted statistical analysis, and the inherent limitations 
of the synthetic membrane model that does not fully replicate human skin complexity, including 
metabolic activity and physiological variability. 
Nevertheless, the Strat-
distinguishing between formulations with subtly different compositions. The study confirms that even 
a single excipient, such as propylene glycol, can meaningfully alter permeation behaviour, and 
underscores the importance of rational formulation design in topical drug delivery.  
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