
Diclofenac Spongious Matrices Based on Collagen and Alginate for Relieving Injury
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CONCLUSIONS

The tested gels showed non-Newtonian pseudoplastic flow with shear thinning at a
working temperature of 37°C, this being a mandatory requirement for topical systems in
terms of conditioning as well as under the appearance of skin and the formation of a
continuous film at the application site. Spongious matrices based on collagen, alginate
and diclofenac with glutaraldehyde were prepared by lyophilization. The FT-IR analysis
showed that collagen kept its structure in all the samples. The recorded kinetic profiles
show that the designed spongious matrices could be promising supports for drug
delivery systems with potential use in the treatment of injuries and relieving pain.

Acknowledgements

This work was financially supported by MCI, Nucleu Program 2018, project code
PN 18 23 02 02.

REFERENCES
Albu, M.G. (2011), Collagen Gels and Matrices for Biomedical Applications, Lambert Academic Publishing,

Saarbrücken.
Albu, M.G. et al. (2012), “Rheological behavior of some collagen extracts”, Leather and Footwear Journal,

12(3), 193-200.
Barbour, K.E. et al. (2017), “Vital Signs: Prevalence of Doctor Diagnosed Arthritis and Arthritis-Attributable

Activity Limitation - United States, 2013-2015”, Morbidity and Mortality Weekly Report, 66(9), 246–
253, https://doi.org/10.15585/mmwr.mm6609e1.

Chiu, C.T. et al. (2008), “Development of two alginate-based wound dressings”, Journal of Materials
Science: Materials in Medicine, 19(6), 2503-2513, https://doi.org/10.1007/s10856-008-3389-2.

Fan, L. et al. (2013), “Preparation and characterization of sodium alginate modified with collagen peptides”,
Carbohydrate Polymers, 93, 380–385, https://doi.org/10.1016/j.carbpol.2013.01.029.

Ghica, M.V. et al. (2017), “Development, Optimization and In Vitro/In Vivo Characterization of Collagen-
Dextran Spongious Wound Dressings Loaded with Flufenamic Acid”, Molecules, 22(9), 1552,
https://doi.org/10.3390/molecules22091552.

Ghica, M.V. et al. (2016), “Flow and thixotropic parameters for rheological characterization of hydrogels”,
Molecules, 21(6), E 786, https://doi.org/10.3390/molecules21060786.

Goh, C.F., and Lane, M.E. (2014), “Formulation of diclofenac for dermal delivery”, International Journal of
Pharmaceutics, 473(1-2), 607-616, https://doi.org/10.1016/j.ijpharm.2014.07.052.

Hsies, L.F. et al. (2010), “Efficacy and Side Effects of Diclofenac Patch in Treatment of Patients with
Myofascial Pain Syndrome of the Upper Trapezius”, Journal of Pain and Symptom Management, 39(1),
116-125, https://doi.org/10.1016/j.jpainsymman.2009.05.016.

Kaya, D.A. et al. (2014), “The influence of marine algae and natural plant oils on collagen-based cream
properties”, Proceedings of the 5th International Conference on Advanced Materials and Systems
(ICAMS), 237-242.

Kok, A.G. et al. (2018), “Coprescribing proton-pump inhibitors with nonsteroidal anti-inflammatory drugs:
risks versus benefits”, Journal of Pain Research, 11, 361-374, https://doi.org/10.2147/JPR.S156938.

Mason, L. et al. (2004), “Topical NSAIDs for chronic musculoskeletal pain: systematic review and meta-
analysis”, BMC Musculoskeletal Disorders, 5, 28-35, https://doi.org/10.1186/1471-2474-5-28.

Ong, C.K.S., Tan, C.H. and Seymour R.A. (2007), “An evidence-based update on non-steroidal anti-
inflammatory drugs”, Journal of Clinical Medicine and Research, 5(1), 19-34,
https://doi.org/10.3121/cmr.2007.698.

Ramshaw, J.A.M., Wekmeister, J.A. and Dumsday, G.J. (2014), “Bioengineered collagens:Emerging
directions for biomedical materials”, Bioengineered, 5(4), 227-233, https://doi.org/10.4161/bioe.28791.

80

Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com

ICAMS 2018–7thInternational Conference on Advanced Materials and Systems

https://doi.org/10.24264/icams-2018.I.11

ANTIFUNGAL ACTIVITY OF Origanum syriacum L. ESSENTIAL OILS
AGAINST Candida spp.

NİZAMİ DURAN1, DURMUŞ ALPASLAN KAYA2

1Microbiology & Clinical Microbiology Department, Medical Faculty, Hatay Mustafa Kemal
University, Turkey, nizamduran@hotmail.com

2Hatay Mustafa Kemal University, Faculty of Agriculture, Field Crops Department, Turkey,
alpaslankaya@yahoo.com

The infections caused by Candida species have been reported to cause serious life-threatening
infections. Because the increased drug resistance among candida spp., new drug researches are
intensively carried out. Origanum syriacum L. is a valuable medicinal plant in terms of its
components. The aim of this study was to investigate components and the antifungal activity of
Origanum syriacum L. essential oils on the growth of Candida spp. By GC-MS was highlighted
that thymol (42,18 %), carvacrol (33,95 %), cymene (8,87 %) and γ-terpinene (8,21 %) are the
main components. Antifungal activity of the essential oils of Origanum syriacum L. was evaluated
by microdilution method. The most notable activity was obtained against C. dubliniensis, C.
albicans and C. parapsilosis. MIC values were found to be 15.6 C. for C. dubliniensis and 31.2
µg/ml for C. parapsilosis and C. albicans. MIC values against C. glabrata, C. kefyr, C. intermedia
were found to be 62.5, MIC values for C. krusei and C. glabrata were 125 µg/ml. The highest
activity in terms of MBC values in the study was obtained against C. intermedia and C.
parapsilosis (62.5 µg/ml). Our results are particularly promising to have significant activity
against C. dubliniensis, C. albicans and C. parapsilosis. Origanum syriacum L. essential oils,
which were also effective against non-albicans Candida species, may be a new hope for the
treatment of candida infections.
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INTRODUCTION

Candida species are microorganisms found in the normal flora of many body parts
such as human skin and mucosa. Candida albicans and Candida species other than
Candida albicans have also been reported to cause serious life-threatening infections.
Especially, in recent years, the increased drug resistance among candida spp. is striking.
Therefore, new drug researches are intensively carried out (Spampinato and Leonardi,
2013).

Origanum syriacum L. is a valuable medicinal plant in terms of its components. It is
possible to find many studies about Origanum genus. It has been reported to have major
components of thymol and carvacrol in component analysis of Origanum syriacum L. It
has been reported that these components have considerable pharmacological properties.

Candida species are the most common microorganisms found in the skin and
mucous membranes of humans. It is found in the mouth and gastrointestinal tract of 30-
50% of healthy people (Spampinato and Leonardi, 2013; Sanguinetti et al., 2015). Due
to some predispose causes; Candida spp. can cause superficial, deep, acute and/or
chronic infections in humans. Most candida infections are endogenous infections.
Candida albicans is most frequently isolated from Candida infections. In recent years,
the incidence of candidiasis caused by Candida species other than C. albicans has
increased. Mortality and mortality are high in infections caused by candidiasis. In recent
years, the increase in candida species other than Candida albicans and the use of
antifungal drugs for prophylactic purposes have led to an increase in drug resistance.
The increase in the frequency of Candida species other than Candida albicans has led to
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the development of resistance especially in azole derivative antifungals. It has also been
shown that many Candida isolates develop amphotericin B resistance. Therefore, the
search for new antifungal agents especially on natural products continues intensively
(Sanguinetti et al., 2015; Golabek et al., 2015).

The aim of this study was to identify the components of Origanum syriacum L.
essential oils and to investigate their antifungal activity against Candida spp.

MATERIALS AND METHODS

Clinical isolates and standard candida strains were used in the study. Eight strains
were used from each of the clinical isolates used in the study. The strains used were:C.
albicans, C. tropicalis, C. kefyr, C. krusei, C. glabrata, C. dubliniensis, C. intermedia,
C. parapsilosis. Clinical isolates were Candida strains isolated from samples sent to
routine mycology laboratory from various clinical specimens. Isolated strains were
inoculated into Sabouraud-dextrose-agar media for identification and incubated at 37 °C
for 48 hours. For typing, isolates were evaluated in terms of germ tube test, hif
formation in corn flour aged with Tween 80, pseudo-hif formation, blastospor and
chlamydospor formation properties. When needed, automated culture systems (Vitek-2,
BioMerieux France) were utilized for typing.

Plant Materials

Origanum syriacum L. plants were harvested in Hatay province of Turkey during
the full bloom period, when the amount of active substance was most intense and after
being dried in the shade at room temperature.

Preparation of Plant Extracts

Plant material was weighted and placed in a round bottom flask with a volume of
distilled water as extraction solvent; the herba-water mixture was refluxed about 2 h,
during which the oil was collected in the side arm of the system. The installation was
allowed to stand for about half hour to prevent the oil to reach room temperature. The
oil was dried over anhydrous sodium sulphate and then stored in dark color glass bottles
and keep to refrigerator (about 4 °C) until use for analysis.

GC/MS Analysis

Analysis of essential oil was performed using the Thermo Scientific Focus gas
chromatograph equipped with a DSQ II single quadrupole mass spectrometer, Triplus
autosampler and fused-silica capillary columnTR-5MS (5% phenyl-polysilphenylene-
siloxane, 30 m×0.25 mm inner diameter, film thickness 0.25 µm). The injection volume
was 2 µL. The samples were injected with a split ratio of 250:1 by using helium
(99.99%) as carrier gas, at a flow rate of 1 mL/min; ionization energy was 70 eV. The
transfer line temperature of the mass spectrometer was 220 °C, while the temperature of
orifice injection was of 220 °C. The temperature of oven was programmed in the range
50–220 °C at a rate of 3 °C/min. Data acquisition was made in the scanning mode.
Identification was done on full scan mode in the m/z range of 50–650 a.m.u.
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Determination of Minimal Fungicidal Concentration (MFC)

Antifungal activity of the essential oils of Origanum syriacum L. was evaluated by
microdilution method. Clinical and standard isolates were grown in SDA (Saboraud’s
Dextrose Broth) medium at 37 °C for 48 hours. Final candida concentrations were
adjusted to 108 cfu/mL with reference to the McFarland turbid meter.

Determination of Minimum Inhibitory Concentrations (MIC)

MIC values of Origanum syriacum L. essential oils were determined by the broth
microdilution test. Firstly, all isolates were subcultured in Saboraud Dextrox Broth and
incubated for 24 h at 37 °C. Then, two-fold serial dilutions of essential oils were made
in Saboraud Dextrox Broth to achieve a concentration range from 0 to 500 µg/ml. (500,
250, 125, 62.5, 31.2, 15.6, 7.8, 3.9, 1.8, 0.9) The broth microdilution tests were
performed according to the NCCLS guidelines (CLSI, 2008).

RESULTS

Seventeen essential oil components, representing 98,76 %, were detected in the
essential oil of Origanum syriacum L. (Figure 1, Table 1). The major essential oil
constituents were thymol (42,18 %), carvacrol (33,95 %), cymene (8,87 %) and γ-
terpinene (8,21 %).
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Figure 1. GC/MS chromatogram of Origanum syriacum L.

Table 1. Essential oil components of Origanum syriacum L.

RT Compound Name SI RSI Cas # %
6,78 α-Pinene 942 969 80-56-8 1,02
9,31 β-Myrcene 956 985 123-35-3 0,64
9,76 α-Phellandrene 855 923 99-83-2 0,13

10,19 α-Terpinene 962 979 99-86-5 1,40
11,49 γ-Terpinene 988 992 99-85-4 8,21
12,45 Eucalyptol 876 889 470-82-6 0,61
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RT Compound Name SI RSI Cas # %
13,07 Cymene 984 995 25155-15-1 8,87
16,47 3-Octanol 925 947 589-98-0 0,23
17,57 1-Octen-3-ol 955 982 3391-86-4 0,31
20,16 4-Thujanol 934 962 546-79-2 0,31
21,15 Linalool 913 930 78-70-6 0,15
24,58 trans-Caryophyllene 958 969 87-44-5 0,35
24,75 Terpinen-4-ol 930 954 562-74-3 0,20
27,55 α-terpineol 859 900 2438-12-2 0,12
28,12 Borneol 813 867 10385-78-1 0,08
39,35 Thymol 970 982 89-83-8 42,18
40,48 Carvacrol 966 966 499-75-2 33,95

The MIC and MBC results of Origanum syriacum L. were given in Table 2. In the
study, considerable activities of Origanum syriacum L. essential oils were determined
against all candida strains. The most notable activity was obtained against C.
dubliniensis, C. albicans and C. parapsilosis. MIC values were found to be 15.6 C. for
C. dubliniensis and 31.2 µg/ml for C. parapsilosis and C. albicans (Figure 2). MIC
values against C. glabrata, C. kefyr, C. intermedia were found to be 62.5, MIC values
for C. krusei and C. glabrata were 125 µg/ml. Table 2 also shows MFC values. The
highest activity in terms of MFC values in the study was obtained against C. intermedia
and C. parapsilosis (62.5 µg/ml) (Table 2).

Figure 2. MIC and MFC values of Origanum syriacum L. essential oils against Candida
species

Table 2. Comparison of MIC and MFC values of Origanum syriacum L. essential oils
and fluconazole against Candida species

Origanum syriacum L. Fluconazole

Candida species MIC values
µg/ml

MFC values
µg/ml

MIC values
µg/ml

MFC values
µg/ml

C. albicans 31.6 62.5 1.8 3.9
C. tropicalis 62.5 125 3.9 3.9
C. kefyr 62.5 125 1.8 1.8
C. krusei 125 250 1.8 3.9
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Table 2. Comparison of MIC and MFC values of Origanum syriacum L. essential oils
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Origanum syriacum L. Fluconazole

Candida species MIC values
µg/ml

MFC values
µg/ml

MIC values
µg/ml

MFC values
µg/ml

C. albicans 31.6 62.5 1.8 3.9
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C. glabrata 125 250 3.9 7.8
C. dubliniensis 15.6 125 3.9 3.9
C. intermedia 62.5 62.5 1.8 3.9
C. parapsilosis 31.2 62.5 1.8 3.9

DISCUSSION AND CONCLUSION

Recently, the prolongation of life span depending on the developments in medicine
has led to an increase in the number of elderly and immunosuppressed patients
(Spampinato and Leonardi, 2013; Sanguinetti et al., 2015; Sardi et al., 2013).

Candida infections have recently been isolated, especially in intensive care units and
immunosuppressive patients. Due to its endogenous origin, C. albicans is the first line
in nosocomial candida infections. But recently there has been a significant increase in
the frequency of human infections caused by non-albicans candida species (Sardi et al.,
2013).

It is known that antifungal treatment is more difficult to respond to non-albicans
species such as C. tropicalis, C. krusei, C. glabrata, C. parapsilosis and C. lusitaniae.
Drug resistance is known to show significant increases in all candida species
(Sanguinetti et al., 2015). For this reason, our results have a great prospect of
investigating new active drug in increasing drug resistance.

Our results are particularly promising having significant activity against C.
dubliniensis, C. albicans and C. parapsilosis. Origanum syriacum L. essential oils,
which were also effective against non-albicans Candida species, may be a new hope for
the treatment of candida infections.
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