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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background and Aim: Urtica dioica (Ud) is a perennial plant 

of temperate climate regions and has been reported therapeutic 
activity against benign prostate hyperplasia, mainly due to its 
5-alpha-reductase (5α-R) inhibition feature, which has been 
singly shown only in prostatic tissues until now. Also considering 
its use in traditional medicine against some dermatological 
problems and hair loss, we performed an in-vitro study to reveal 
its 5α-R inhibition activity in skin cells whether this plant may 
have a therapeutic potential against androgenic skin diseases.

Materials and Methods: After the preparation of Ud leaf 
extract and determination of non-cytotoxic concentration, 
cultured HaCaT cells were treated with the plant extract. 
RNA isolations were carried out from both non-treated and 
treated cell groups. cDNA synthesis was performed using gene 
specific primers of glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) as reference gene and 5α-R type II (5α-RII) as study 
material. Gene expressions were determined by real time reverse 
transcription quantitative polymerase chain reaction analysis. 

Results: Results were represented as ‘Target/GAPDH Fold 
Change’. Results of gene expression analysis showed that 
plant extract caused statistically significant downregulation of 
5α-RII gene expression (p=0.0021) in treated cells, compared to 
untreated control cells, and ended up with 0.5873±0.0586 fold 
change.

Conclusion: This study is the first one showing the suppression 
of 5α-RII gene expression on skin cells with unmixed or solitary 
Ud extract. With the currently reported anti-androgenic activity 
in HaCaT cells, it can be suggested that Ud has a solid scientific 
base and may have a promising future in cosmetic dermatology, 
and new product development against androgenic skin diseases.

Key words. Urtica dioica, HaCaT cells, 5α-R, androgenic skin 
diseases.
Introduction.

Urtica dioica (Ud), a common perennial plant of temperate 
climate regions all over the world, belongs to the Urticaceae 
family [1-3]. It has a potent medicinal value and has been a 
therapeutic agent in traditional medicine for centuries to treat a 
vast number of inflammatory conditions [1,3]. Every part of Ud 
plant has been reported to hold antioxidant and anti-microbial 
potentials. One gram of Ud powder has been shown to have 
a total phenolic coverage as 129 mg gallic acid equivalent. 
This is approximately twofold of the phenolic content in 100 
mL cranberry juice. Ud has been reported to consist more 
polyphenolic molecules than a great number of plants in the 
nature. Besides its wide-spectrum anti-bacterial features, Ud 
also possesses in-vitro anti-mycotic activity against Candida 
albicans [2]. Ud is a rich source of iron, ascorbic acid, 

carotenoids, essential amino acids and fatty acids [4]. A more 
recent and also the most reported use of Ud is the treatment 
of symptomatic benign prostatic hyperplasia (BPH) [1-6]. In 
addition to its effects on relevant hormones and cytokines, its 
5-alpha-reductase (5α-R) inhibition activity has also role in its 
therapeutic merit [1,2,4,5,7,8]. Inhibition of 5α-R obviates the 
conversion of testosterone to dihydrotestosterone (DHT), whose 
high levels are linked with BPH and androgenetic alopecia 
(AGA) [9-11]. Various Ud extracts are also used in cosmetics, 
and this plant is a common component of shampoos [1]. It has 
revealed anti-dandruff and astringent activities in preclinical 
experiments [3]. In traditional medicine Ud has been used for 
various forms of non-scarring alopecia [12], and also there are 
some promising preclinical studies supporting this beneficial 
effect. A mixed herbal hair formulation composed of six plants, 
including Ud, was shown to boost viability of human dermal 
papilla cells significantly [13]. In a telogen effluvium model 
animal study, application of Ud gel on skin dilated the dermal 
arterial network significantly, and probably due to enhanced 
perfusion, it was displayed a quantitative increase in anagen 
hairs [14].

HaCaT cells are immortalized human keratinocyte cell line 
that has been used for studies of the epidermal homeostasis and 
its pathophysiology [15]. In this study we investigated the anti-
androgenic activity of Ud extract in HaCaT cells, regarding these 
cells a general representative of the integument, for the probable 
benefits of this plant in androgen associated skin diseases.
Materials and Methods.

Plant material and preparation of the extract: The plant, 
Ud, was collected locally and identified in our laboratory, based 
on a reference book [16], and a stereo microscope. Dried leaves 
of the plant were used for extraction. Forty grams of fine-cut 
leaves were extracted with 500 mL water-alcohol mixture (70-
30 v/v) using a Soxhlet extractor at the boiling point of the 
solvent, completing two full cycles. The extract was filtered 
through a 0.45 μm filter into a glass vial. 

Cell culture: HaCaT cells were maintained in New Brunswick 
incubator (Eppendorf) at 37°C in a humidified atmosphere at 
5% CO2, in Dulbecco's Modified Eagle’s Medium with high 
glucose, supplemented with 10% heat-inactivated fetal bovine 
serum and 100 U/ml gentamicin. All supplements and media 
were purchased from Sigma Aldrich. 

Cell proliferation assay and cytotoxicity analysis: 
Cytotoxicity of the extract was evaluated by XTT assay. HaCaT 
cells were seeded into 96-well plates at a density of 1×104 cells/
well. Plant extract was diluted with culture medium and cells 
were subjected to various concentrations (100%, 10%, 5%, 
3%, 1%, 0,5% and 0%) of plant extract. After 72 h incubation 
period, cells were exposed to XTT and activator reagents (Roche 
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Diagnostics) for 4 h as described by the manufacturer. The 
viability of the cells is reflected in the activity of mitochondrial 
hydrogenases of the cells converting XTT into color-dense 
formazan compound. The optical density (OD) of soluble 
formazan compound was measured at 495 nm by microplate 
reader (Bio-Rad). The cell viability was calculated by using the 
formula below: 

Cell Viability (%) = [Mean OD of test group/Mean OD of 
control group]×100 

Based on cell proliferation ratios of treated cells with respect 
to the control cells, cytotoxicity levels of the plant extract were 
determined. Higher concentrations were found to be cytotoxic 
for HaCaT cells. For the subsequent analysis, the possible 
highest concentration was determined as 1% and HaCaT cells 
were incubated with 1% concentration of plant extract (Figure 1).

Figure 1. Cytotoxicity analysis result of Urtica dioica extract. The red 
bar represents the extract concentration chosen for incubation.

RNA isolation and reverse transcription: Total RNA was 
extracted from cells treated with plant extract and from untreated 
cells by using TRI-reagent according to manufacturer’s (Sigma 
Aldrich) instructions. RNA quantity and purity were determined 
spectrophotometrically using BioSpec-nano. Transcriptor First 
Strand cDNA Synthesis Kit (Roche Diagnostics) was used for 
reverse transcription. cDNA synthesis was carried out using 
500 ng total RNA, 2 μM each final concentration of gene 
specific primers of glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) as reference gene and 5α-R type II (5α-RII) as study 
material (Integrated DNA Technologies), 10 U of Transcriptor 
Reverse Transcriptase, 20 U of Protector RNAse Inhibitor, 1 
mM each of dNTP mix, and Transcriptor Reverse Transcription 
Buffer (5X) according to the manufacturer’s (Roche Diagnostics) 
instructions. Primer sequences (5'-3') are given in Table1.

Table 1. Primers (5' - 3') of the genes studied.
Primers Forward primer Reverse primer

GAPDH* ATGGGTGTGAACCAT-
GAGAA

GTGCTAAGCAGTTG-
GTGGTG

5α-RII** CGCTCTACCAGTACGC-
CAG

AATTAAGCACCGAT-
GCCCGT

*Glyceraldehyde-3-phosphate dehydrogenase is the reference gene
**5-alpha-reductase type II

Gene expression analysis.
Real-time reverse transcription quantitative polymerase chain 

reaction (RT-qPCR) was carried out in Light Cycler 96 (Roche 
Diagnostics). Amplification of products was detected via Fast 
Start DNA Green Master Kit (Roche Diagnostics). Each 20 μL 
reaction contained 10 μL SYBR Green Master Mix (2X), 0.5 μM 
of forward and reverse primers, 2.5 ng cDNA and appropriate 
amount of nuclease free water. All samples were run as triplicates 
in each run including a non-template control and four standards 
(1:1, 1:10, 1:100 and 1:1000). All reactions subjected to initial 
denaturation step at 95°C for 10 min and 45 cycle of 3-step 
amplification. Melting curve analysis was performed to confirm 
the specificity of the amplified products. The ΔΔCt method of 
relative quantification was used to determine the fold change in 
expression. Fold change was calculated by the equation below:

Fold change = 2−ΔΔCt

Statistical analysis.
All data are representative of three repeats and expressed as 

mean and standard error of the means. Statistical evaluation was 
performed by unpaired t-test, using ‘Graph Pad Prism 5’ software 
and the results with p< 0.05 were accepted as significant.
Results.

Results were represented as ‘Target/GAPDH Fold Change’. 
Results of gene expression analysis via real-time RT-qPCR 
showed that plant extract caused statistically significant 
downregulation of 5α-RII gene expression (p=0.0021) in treated 
cells, compared to untreated control cells, and ended up with 
0.5873±0.0586 fold change (Figure 2).

Figure 2. Gene expression level and p value of  5α-RII in Urtica dioica 
extract treated cells, compared to untreated control cells.

Discussion.
The androgen hormones are crucial in modulating hair 

growth, sebum production and sebaceous gland differentiation. 
Although DHT is the more active hormone, which is converted 
from testosterone by the enzyme 5α-R peripherally, both take 
effect via a unique receptor, the androgen receptor (AR). AR 
exists in epidermal and follicular keratinocytes, sebaceous gland 
cells, dermal fibroblasts, sweat gland cells, dermal papilla cells, 
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endothelial cells, and genital melanocytes [17]. The expression 
of AR in the epidermis denotes that keratinocytes are among 
the targets of androgenic hormones in skin. In the dermis, about 
10% of the fibroblasts exhibit AR immunostaining [18]. In 
spite of the fact that the mesenchyme-originated dermal papilla 
manages the epithelial follicle in various facets, germinative 
epidermal cells of the lower follicle can also stimulate hair 
growth, and intrinsic dermo-epidermal relations are vital 
for the healthy maturation of hair [19,20]. Two steroid 5α-R 
isoenzymes have been discovered based on their different pH 
optima and tissue expression patterns. 5α-R type I (5α-RI) is 
expressed predominantly in epidermis, outer epithelial root 
sheath of hair follicles, sebaceous glands, and the liver. 5α-RII 
is expressed primarily in the prostatic tissues, epidermis, 
sebaceous ducts, inner epithelial root sheath of hair follicles 
and dermal papilla cells [21,22]. Changes of isoenzyme and/or 
AR levels in the skin may have important consequences in the 
precipitation of androgen related skin diseases like seborrhea, 
acne, hirsutism, and AGA. The essential functions of androgens 
in the pathophysiology of acne have long been known and 
validated by scientific experiments [17]. Although indirect 
effects of excess sebum production stimulated by androgens are 
the main factors in acne pathogenesis [23], the presence of AR 
expressing keratinocytes in the pilosebaceous ducts may suggest 
that androgens can also directly affect keratinization in the course 
of acne development [18]. It is formed immoderate amounts of 
DHT in the skin of hirsute women, but it is not apparent if this is 
due to overactivated hair follicles or the associated hyperplasia of 
the sebaceous glands [17]. Albeit polygenic heredity is accepted 
to be the primary cause, androgens have important roles in AGA 
presumably free from genetic predilection [24]. In AGA, the 
scalp displays higher expression of AR and higher quantities 
of DHT as well as 5α-RII. When the levels of androgens and 
ARs increase, their effects on the expression of genes which 
regulate follicular cycling increase also [25]. DHT activates AR 
and reveals the histological features of retarded hair regrowth, 
shortened anagen stage, early regression, and minimization of 
hair follicles [26].

It was previously reported the inhibition of 5α-R by Ud 
extracts, but until now this was only shown in prostatic tissues, 
using biochemical enzyme inhibition methods [5,7,8]. Although 
it was reported the suppression of 5α-RII gene expression on 
dermal papilla cells, this study was performed  with a mixture 
of six different plants including Ud [13]. The current study is 
the first one showing the suppression of 5α-RII gene expression 
on skin cells with Ud extract alone. The results of the current 
study may partially explain the cause of its beneficial activities 
in traditional use against hair loss. From the point of epithelial 
keratinocytes in androgenic skin diseases; the effects of 
androgens may be directly epithelial through keratinocytes 
and sebocytes as in seborrhea and acne [17,18,23], or both 
directly and indirectly through epithelial and mesenchymal 
cell interactions as in hirsutism and AGA [17,19,20,25]. 
Nevertheless, keratinocytes are one of the target cells for 
androgen actions in skin and the androgenic interaction is the 
essential factor in androgen associated skin diseases [17,18]. 
Considering its abovementioned features like rich polyphenolic 

content; anti-inflammatory, anti-bacterial, anti-candidial, anti-
dandruff properties; rich mineral, vitamin, amino acid and 
phenolic contents; perfusion increasing characteristics, together 
with the currently reported anti-androgenic activity in HaCaT 
cells, it can be suggested that Ud has a solid scientific base and 
a promising future in cosmetic dermatology, and new product 
development against androgenic skin diseases.
Conclusion.

The androgen hormones are indispensable in modulating hair 
growth, sebum production and sebaceous gland differentiation, 
and keratinocytes are one of the target cells for androgen actions 
in skin. The proven antiandrogenic activity of Ud extract on 
skin cells may further encourage developing new products with 
this plant and performing relevant clinical trials for various 
androgenic skin diseases.
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