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Abstract
Colonization of skin lesions with various infectious agents is still a major health threat. The misuse and abuse of
antibiotics and synthetic drugs has led to increased resistance of pathogens and therefore difficulties in treating these
medical conditions, requiring the development of new materials with antimicrobial efficacy. Thus, the aim of the study
was to determine the therapeutic potential of hydrogels based on plant extracts (Chelidonium majus L., Arnica montana
L., Calendula officinalis L., Aristolochia clematitis L., Hippophae rhamnoides L.) and zinc oxide nanoparticles in skin
lesions by assessing cytotoxicity and cell viability. The two types of zinc oxide nanoparticles were obtained at 100
atmospheres and oven dried as well as at 100 atmospheres and spray dried. The data from our study suggest that none
of the hydrogels tested show a notable cytotoxic effect on fibroblast culture. Dilution of the stock product in all
experimental samples resulted in a cell viability of over 80%, reflecting that these hydrogels may be a therapeutic
alternative in the wound healing process.
Keywords: cell viability, plant extracts, ZnO nanoparticles, wound healing.

1. INTRODUCTION
Wounds are defined as disruptions to the anatomical or functional integrity of living tissue caused
by various biological, chemical, physical or mechanical factors. The process of rebuilding injured
tissue is called healing. The process of tissue repair involves the activity of inflammatory cells,
thrombocytes and also fibroblasts and even collagen (Clark, 2001; Sharma et al., 2021).
Wounds can be of two types: closed wounds and open wounds. Open wounds are almost always
associated with fungal or bacterial microbiota or viral infection. Most infections associated with
skin lesions are bacterial in nature. Although these types of infections can be managed with
synthetic drugs with antibacterial activity, the problem of multidrug resistance of bacteria is
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increasingly acute. Alternative therapies are therefore needed to manage these types of skin
conditions (Nolff et al., 2016; Marume et al., 2017).
Since ancient times, natural compounds with antimicrobial, anti-inflammatory or antipruritic
properties extracted from medicinal plants have been excellent alternatives for the management of
skin lesions (Barreto et al., 2014).
There are numerous studies in the literature attesting to the therapeutic activity of medicinal plants
such as Chelidonium majus L. (Yang et al., 2011), Arnica montana L. (Marzotto et al., 2016),
Calendula officinalis L. (Fronza et al., 2009; Nicolaus et al., 2017), Aristolochia clematitis L.
(Cristea et al., 2010) or Hippophae rhamnoides L. (Gupta et al., 2006).
Studies in the literature show that a very important aspect of drug delivery systems is the control of
the targeted delivery of medicines. Thus, a technique has been developed to harness the therapeutic
potential of medicinal plants in wound healing, involving the incorporation of bioactive compounds
into different biocompatible forms of carriers of these secondary metabolites, such as
nanoliposomes, nanoemulsions, nanoparticles and nanogels. These systems have been shown to
have much diminished or even no side effects, improving the dissolution rate of drug agents and
their efficacy, respectively (Andreu et al., 2015; Cui et al., 2017; El-Refaie et al., 2015;
Ghayempour et al., 2016; Singla et al., 2017;)
Zinc oxide nanoparticles are increasingly used in the field of nanomedicine because they are nontoxic and compatible with biological systems. Moreover the use of these types of vectors is
promising because they show high antimicrobial activity, thus accelerating the tissue regeneration
process (Kaushik et al., 2019).
In a comparative experimental study of two types of burn treatments, zinc oxide was shown to be
significantly more effective than silver sulfadiazine, which is a sulfa antibiotic commonly used in
the treatment of bacterial wound infections and burns. Topically applied zinc oxide accelerated the
processes of epithelialization, dermal maturation and scar formation, unlike the antibiotic tested
(Arslan et al., 2012).
Taking all these aspects into account, the aim of the study was to determine the therapeutic potential
of hydrogels based on plant extracts and zinc oxide nanoparticles in skin lesions by evaluating
cytotoxicity and cell viability.
2. MATERIALS AND METHODS
Obtaining plant extracts of Chelidonium majus L., Arnica montana L., Calendula officinalis L.,
Aristolochia clematitis L., Hippophae rhamnoides L.
Different parts of the target plants were used as plant material: Chelidonii Herba, Arnicae Flos,
Calendulae Flos, Aristolochiae Herba, Hippophae Fructus.
Briefly the plant material, previously dried, was subjected to pulse milling for 3 minutes at 4000
rpm at a laboratory mill. For the two advanced extraction methods used in this study (ultrasoundassisted extraction-UAE, microwave-assisted extraction-MAE) a plant:solvent ratio of 1:10 and a
water:pharmaceutical ethyl alcohol ratio of 30:70 (v/v) were used.
UAE was carried out for 10 minutes in the extraction vessel with cooling of the Hielscher UP200ST
at 70% amplitude and MAE was carried out for 10 minutes in the extraction vessel of the Neos
Milestone GR under continuous stirring. The extracts obtained were subjected to centrifugation,
vacuum filtration, and evaporation of pharmaceutical ethyl alcohol (Dent, 2015).
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Obtaining hydrogels based on plant extracts and zinc oxide nanoparticles
Two types of zinc oxide nanoparticles were used:
- obtained at 100 atmospheres and dried in an oven (ZnO 100.E1)
- obtained at 100 atmospheres and spray-dried (ZnO 100.SD1).
Ten formulations of hydrogels were produced, consisting of: plant extract, zinc oxide nanoparticle
powder, non-ionic surfactant, carbomer, triethylamine, pure water:
R100.E1= 10% extract C. majus L. + 63,95% pure water+ 0,05% ZnO 100.E1 + 25% non-ionic
surfactant+ 0,5% carbomer + 0,5% triethylamine
R100.SD1 = 10% extract C. majus L. + 63,95% pure water+ 0,05% ZnO 100.SD1 + 25% non-ionic
surfactant+ 0,5% carbomer + 0,5% triethylamine
A100.E1 = 10% extract A. montana L. + 63,95% pure water+ 0,05% ZnO 100.E1 + 25% non-ionic
surfactant+ 0,5% carbomer + 0,5% triethylamine
A100.SD1 = 10% extract A. montana L. + 63,95% pure water+ 0,05% ZnO 100.SD1 + 25% nonionic surfactant+ 0,5% carbomer + 0,5% triethylamine
G100.E1 = 10% extract C. officinalis L. + 63,95% pure water+ 0,05% ZnO 100.E1 + 25% nonionic surfactant+ 0,5% carbomer + 0,5% triethylamine
G100.SD1 = 10% extract C. officinalis L. + 63,95% pure water+ 0,05% ZnO 100.SD1 + 25% nonionic surfactant+ 0,5% carbomer + 0,5% triethylamine
ML100.E1 = 10% extract A. clematitis L. + 63,95% pure water+ 0,05% ZnO 100.E1 + 25% nonionic surfactant+ 0,5% carbomer + 0,5% triethylamine
ML100.SD1 = 10% extract A. clematitis L. + 63,95% pure water+ 0,05% ZnO 100.SD1 + 25%
non-ionic surfactant + 0,5% carbomer + 0,5% triethylamine
C100.E1 = 10% extract H. rhamnoides L. + 63,95% pure water+ 0,05% ZnO 100.E1 + 25% nonionic surfactant+ 0,5% carbomer + 0,5% triethylamine
C100.SD1 = 10% extract H. rhamnoides L. + 63,95% pure water+ 0,05% ZnO 100.SD1 + 25%
non-ionic surfactant+ 0,5% carbomer + 0,5% triethylamine
Half the amount of non-ionic surfactant and nanoparticle powder was added to half the mixture of
pure water and plant extract, homogenised and heated on a laboratory hotplate. This system was
then sonicated for better dispersion of the nanoparticles. At the same time, in the other half of the
mixture: distilled water: extract, also subjected to homogenization, carbomer was added until
solidification and the remaining non-ionic surfactant. A final step in obtaining the hydrogel
consisted of homogenising the two mixtures and adding the pH modifier, in this case triethylamine.
The hydrogels thus obtained were stored in plastic vials at 4⁰C.
In vitro biocompatibility testing of hydrogels. MTT test.
The MTT assay is based on the cleavage of MTT tetrazolium yellow salt by viable cells to form a
purple formazan. A decrease in the number of viable cells causes a decrease in metabolic activity in
the culture tested. This reduction is directly related to the amount of purple formazan formed. Cell
proliferation with the MTT assay and cell viability after treatment with the test substance are
quantified spectrophotometrically at 500-600 nm (Ogbole et al., 2017).
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The 3T3 fibroblast cell line was used to perform the cytotoxicity test (MTT) of the 10 experimental
models (hydrogels).
Line 3T3 was cultured using Dulbecco's Modified Eagle's Medium (DMEM). Fetal bovine serum
(FBS) and 0.05 μg/ml antibiotic was added to the medium used.
After trypsinization, centrifugation and resuspension in specific growth medium, cells were stained
with Trypan blue solution for quantification.
The 10 test samples were subjected to extraction (as recommended by ISO10993-12).
The fibroblast cell line together with the test samples (in binary serial dilutions) were incubated for
24 hours at 37°C, 5% CO2. After addition of MTT reagent all the samples were subjected to
spectrophotometric analysis at 570 nm wavelength.
Cell line viability (CV) was determined using the formula (Karakaş et al., 2017):
% CV = (positive control-blank)/(negative control-blank) x 100
Where:
positive control = cells + compound (hydrogel) + MTT + solvent MTT
negative control = cells + MTT + solvent MTT
blank = medium (complete growth) + MTT + solvent MTT
3. RESULTS AND DISCUSSIONS
In the initial stages of the wound healing process, fibroblasts play a vital role by actively
proliferating, migrating into the wound area and inducing the formation of new extracellular matrix
(Li et al., 2004). Studies in the literature, including the experimental study by Kumar et al., 2007,
attest to the fact that a variety of herbs can be traditionally used in folk medicine showing potential
in wound healing.
The results of our study highlighted in Figure 1 show that:
- the 10 experimental variants showed low cytotoxicity with no significant difference between the
plant extracts used;
- the cytotoxicity of the samples was directly proportional to the concentration of the test product;
- the highest cell viability was recorded for the highest dilutions;
- it is noted that cell viability on fibroblasts had values above 70% starting from the stock sample
for all 10 experimental models.
Of all 10 hydrogel formulations tested, the highest percentage of fibroblast cell viability was
calculated for sample R100SD1, representing the variant based on A. clematitis L. extract and
spray-dried zinc oxide nanoparticles.
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Figure 1. Fibroblast cell viability for the 10 experimental models

4. CONCLUSIONS
The data from our study suggest that none of the hydrogels tested exhibit a notable cytotoxic effect
on fibroblast culture. Dilution of the stock product in all experimental samples resulted in a cell
viability of over 80%, reflecting that these hydrogels may be a therapeutic alternative in the wound
healing process.
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