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Abstract  Background: Hair loss also known as alopecia is a common dermatological problem both for men and women 

all over the world. Deficiency in nutrition of the hair due to decrease in the micro-circulation in the scalp, or aging of the 

follicle cells due to lack of care are counted as significant causal reasons for hair loss. Treatment methods by using natural 

products such as plants and their derivatives are of great interest. In our study, HaCaT human keratinocyte cells were used as 

a model to demonstrate the effect of a botanical extract resulting from the specific plants of a unique Northeastern region of 

Turkey (Anzer) on gene expression of the cells. Material and Methods: Cell proliferation assay was performed by XTT 

reagent. After determination of non-cytotoxic concentration, cells were treated with plant mix and incubated for five days. 

RNA isolations were carried out from both non-treated and treated cell groups by using Tri-reagent. Gene expression of 

VEGF, IL-1a and 5-alpha reductase was determined by qPCR analysis. Results: The results demonstrated that Plant extract 

used in the current study revealed anti-inflammatory and anti-androgenic properties by downregulating IL-1α a and 

5-α-reductase gene expressions, respectively. Furthermore, it led to upregulate VEGF gene expression which is a significant 

growth promoting factor for HaCaT cells. Conclusion: This plant mix seems to be a promosing candidate for preventing hair 

loss due to its anti-inflammatory, anti-androgenic and hair promoting properties. 
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1. Introduction 

Throughout history, plants have been used for 

nourishment, dyeing and medical purposes [1]. Turkey is one 

of the richest countries in the world in terms of plant 

diversity [2]. A number of etnobothanical studies are 

conducted in Turkey enabling the transfer of the knowledge 

on plant-based treatments for the future [3-6]. Of all the 

sectors, cosmetic industry benefits from botanical extracts 

more frequently. Botanical extracts that support integrity of 

the skin, hair, and nails are widely used in cosmetic 

formulations due to their anti-oxidant, anti-aging properties 

[7]. Bioactives in plant extracts offer a specifically exciting 

area for further research in terms of their molecular effects 

on cells and tissues.  

The skin is the largest organ covering the body surface and 

composed of keratinized stratified epidermis, collagen-rich 

dermal connective tissue which contains hair follicles, nails, 

sebaceous glands and sweat glands derived from the 

epidermis [8]. Hair originates from a follicular structure  
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consisting three parts: an outer root sheat, an inner root sheat, 

the hair fiber itself [9]. Hair follicle is considered to be a 

significant model organ of interaction of epithelium and 

mesenchyma [10]. Dermal papilla cells are a population of 

mesenchymal cells in the skin and thought to be a reservoir 

of multipotent stem cells. Furhermore, they become 

specialized fibroblast cells during hair follicle differentiation 

[11]. Keratinocyte cells make up about 95% of cell mass of 

human epidermis and they are responsible for the production 

of cytokeratins and mucopolysaccharides. The hair fiber is 

composed of 10nm keratin filaments produced by 

keratinocyte cells in hair follicle [12]. The hair follicle 

undergoes a cycle of developmental period from a resting 

(telogen) phase to a growth (anagen) phase in which 

follicular keratinocytes proliferate rapidly, hair shaft 

thickens and elongates [13, 14]. On the other hand, dermal 

papilla cells themselves are thought to not divide. However, 

the number of cells in the dermal papilla increases during 

anagen, possibly as a result of replenishment from 

neighbouring cells of the dermal sheath [15]. The hair cycle 

is dependent on cyclic activation involving the proliferation, 

differentiation and apoptosis of a variety of hair-forming 

cells, all of which is regulated by a network of signaling 

molecules. This developmental cycle is complex and can be 

affected by many factors such as growth factors, hormones, 
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immunomodulators [16, 17]. During catagen, the epithelial 

cells at the base of the follicle are known to undergo 

apoptosis; however dermal papilla cells are reported to 

remain intact and is pulled or migrates upwards, until it 

comes to rest next to the stem cells of the hair follicle bulge. 

This situation is reported to continue during telogen phase. In 

anagen phase, cells at the base of the follicle start to 

proliferate resulting in downward growth of the follicle and 

envelopment of the dermal papilla cells. Although it is stated 

that dermal papilla cells themselves do not divide, the 

number of cells in the dermal papilla increases during anagen, 

possibly as a result of replenishment from neighbouring cells 

of the dermal sheath [15]. 

Dermal papilla cells not only retain the ability to form 

dermal papilla following in vitro culture, but they can also 

contribute to dermal sheath cells and non-follicle-associated 

fibroblasts during skin reconstitution and wound-healing 

[18]. However, after a few passages cultured dermal papilla 

cells lose their trichogenic properties (i.e. their ability to 

induce hair follicles) [19-23]. Therefore, not only dermal 

papilla cells but also keratinocyte cells are responsible for 

hair growth and differantiation. 

There are a number of significant growth factors leading 

hair growth such as vascular enthothelial growth factor, 

insülin like growth factors (VEGF, IGF). On the other hand, 

a number of factors such as tumor necrosis factor alpha, 

interleukin 1 alpha, interferon gamma (TNF-a, IL-1a, 

IFN-gamma) decrease the hair growth and/or lead to hair 

loss by increasing inflammation [24-30]. Among the hair 

promoting factors, VEGF, known to be responsible for blood 

vessel formation, has a particularly significant role in cell 

proliferation not only in endothelial cells but also in other 

certain types of cells. In addition, steroid 5 alpha reductase is 

a significant enzyme responsible for the conversion of 

testesterone into more potent 5-alpha dihydrotestesterone 

(5-alpha DHT) in specific tissues regulated by androgens 

[31]. Its expression was shown in epidermis, sweat glands, 

hair follicles, sebaceous glands [32]. 

Anzer plateau is located on Zigana Mountains at altitudes 

up to 2500-3000m in Rize province of Turkey. The most 

striking feature of Anzer plateau is rich plant diversity. 

According to studies conducted in this region, 500 different 

types of plants have been found and approximately ninety of 

those plants are specific only to Anzer plateau. The honey 

obtained from various plants in Anzer plateau also known as 

“Anzer honey, medical honey” has been known for centuries 

to have a number of benefits on human health as a result of 

the unique vegetation in the region [33]. Therefore, it was 

hypothesized that the plants that were included in Anzer 

honey could also be a good candidate for skin and hair 

preparations.  

Many studies conducted sofar regarding the effects of 

plant extracts on keratinocyte cells showed different aspects 

of factors affecting on hair loss. However, anti-inflammatory 

effects and hair promoting properties of plant extracts on 

keratinocyte cells are still unclear. In the present study, a 

composion of different types of plant were used and applied 

to the cells. The effect of plant mix on the gene expression 

levels of 5-alpha reductase, VEGF and IL-1a were 

determined in human keratinocyte cell line (HaCaT) by 

using quantitative- real time polymerase chain reaction 

(q-RT-PCR). 

2. Material and Methods 

2.1. Materials 

The aerial parts of an annual or biennial herbaceous plants 

were collected from Anzer plateau in Rize province, İkizdere 

valley. Some plant species listed below in the Table 1. 

Woody, shrubs and bulbous plants were not included in this 

study since honey pollen analysis did not include them [34]. 

Table 1.  Name of some Anzer plants   

Ajuga orientalis 

Alcea hohenackeri 

Anemone narcissiflora 

Anthemis cotula 

Aquillegia olympica 

Astragalus sp. 

Asyneuma amplexicaule 

Campanula latifolia 

Carduus acanthoides 

Centaurea nigrifimbria 

Dianthus sp. 

Dipsacus pilosus 

Galium verum 

Geranium platypetalum 

Geum coccineum 

Hypericum venustum 

Mentha sp. 

Plantago sp. 

Polygonum alpinum 

Primula auriculata 

Salvia verticillata 

Silene armeria 

Stachys macrantha 

Symphytum asperum 

Thymus praecox 

Tragopogon pratensis 

Trifolium sp. 

Veronica gentianoides 

Vicia balansae 

2.2. Preparation of Plant Extract 

Plants were collected on July of 2012 at İkizdere valley, 

Anzer region of Rize, Turkey. Collected plants were dried in 

open air by shade drying techniques [35]. Dried plants were 

fine-cut. 5 g of plant mixture collected from Anzer plateau 

was extracted with 20 mL distilled water for 15 minutes at 

100°C. The extract was filtered through a filter paper into a 

sterile bottle. Subsequently, the solution was filtered through 
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0.45 µm membrane filter until it becomes clear. 

2.3. Cell Lines and Culture 

The human keratinocyte cell line (HaCaT) was cultured in 

Dulbecco’s modified Eagle’s medium with high glucose 

containing 10% heat-inactivated fetal bovine serum (FBS) 

and 100U/ml penicillin and 100u/ml of streptomycin. The 

cells were maintained at 37℃ in a humidified atmosphere at 

5% CO2 in Newbrunswick incubator. All supplements and 

media were purchased from Sigma Aldrich (Germany). 

2.4. Cell Proliferation Assay with XTT Reagent 

HaCaT cells were seeded into 96 well plates (10000 

cells/well) and were subjected to serial dilutions of plant 

extract to assess the cell proliferation.XTT and activator 

reagents were added to the plates after 72 hour incubation 

period was completed according to the manufacturer’s 

instructions. Then, cells were incubated at 37℃ for 4 hours 

in order that XTT reagent was reduced to formazan 

compound. The optical density of soluble formazan 

compound was measured at 495 nm with a BIO-RAD 

microplate reader (Japan). 

2.5. Reverse Transcription-Quantitative Polymerase 

Chain Reaction (RT-qPCR) 

2.5.1. RNA Isolation and cDNA Synthesis 

Total RNA was extracted from cellstreated with plant 

extract and non-treated cells by using TRI-reagent according 

to manufacturers instructions (Sigma Aldrich, USA). The 

concentration and purity of isolated RNA samples were 

determined by measuring optical densities at 260 nm and 280 

nm using Bio-spect nano (Japan). The intactness of isolated 

RNA and DNA contamination were checked by agarose gel 

electrophoresis.cDNA synthesis was performed with 5 mg 

total RNA, 20 pmol of gene specific primers of VEGF, IL-1a, 

5 alpha reductase and GAPDH (Integrated DNA 

Technologies) and 40 units of M-MuLV reverse 

transcriptase according to the manufacturer’s instructions 

(Fermentas, USA). 

2.5.2. Real Time Quantitative Polymerase Chain Reaction 

Real-time PCR (qPCR) reaction was carried out in Light 

Cycler 96 (Roche, USA). Amplification of products were 

detected via intercalation of the fluorescent dye SYBR green 

(Fast Start DNA Green Master. Roche, USA). Briefly, total 

volume of reaction mix was 20 ul containing 10 ul SYBR 

Green 2X master mix, 0.15 uM of reverse and forward 

primers, 2.8 uL of cDNA and appropriate amount of 

nuclease free water. All samples were run as triplicates in 

each run including a non-template control to check 

background signal. The PCR was run for 10 min at 95°C and 

followed by 45 cycles of 30s at 95°C, 30s at 57°C and 30s at 

72°C; 30s at 95°C, 30 s at 58°C and 30s at 72°C; 20s at 95°C, 

30s at 56°C and 30s at 72°C; 30s at 95°C, 30 s at 58°C and 

35s at 72°C; GAPDH, VEGF, IL-1a, 5alpha reductase, 

respectively. After amplification, melting curve analysis was 

performed to verify specificity. Each run was carried out in 

triplicates including non-template controls. Delta delta Ct 

(2-DDCT) relative quantitation method was used for 

quantitation of qPCR products [36]. 

2.6. Statistical Analysis 

All data are representative of three experiments and 

expressed as mean ±standard error of the means (SEM). 

Statistical evaluation was performed by Student’st-test and 

one-way Anova using Graph Pad Prism 5 Software (USA) 

and post-hoc Tukey’s analyses were carried out to find 

groups those mean differences were significant. The results 

were significant at the 0.05 level. 

3. Results 

3.1. Cell Proliferation Analysis 

The cytotoxicity test is required for the determination of 

appropriate concentration required for the future work 

regarding the determination of gene expression levels, 

therefore the inhibitory concentration of plant extract on cell 

proliferation was determined. The anti-proliferative effect of 

plant extract was shown in Figure 1. 

3.2. Expression Analysis of 5-alpha Reductase, IL-1a, 

VEGF 

According to RT-qPCR results, cells treated with plant 

extract showed 2.13 fold less mRNA expression of 5-alpha 

reductase gene compared to non-treated cells in the present 

study. (Figure 2). Plant extract seems to have an inhibitory 

effect on androgenic activity in HaCaT cells. 

In the current study, mRNA level of IL-1a gene was found 

to be downregulated significantly in plant extract treated 

cells compared to control group. Plant extract showed 

anti-inflammatory effect on cells by decreasing the 

expression of IL-1 gene (Figure 3). 

In addition to the effects of plant extracts on 5 alpha 

reductase and IL-1a gene expression, it was found to 

upregulate VEGF expression in HaCaT cells. Compared to 

control group, plant extract treated group expressed 2.09 fold 

more VEGF gene in this study. 

Table 2.  Fold changes in the expression levels of VEGF, IL-1a, 5 alpha 
reductase genes 

Genes Fold Change pvalue 

VEGF 2.09 0.0028 

IL-1a 1.96 <0.0001 

5-alpha reductase 2.13 0.0133 
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Figure 1.  The anti-proliferative effect of plant extract on HaCaT human keratinocyte cell line 
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Figure 2.  Expression of 5 alpha reductase gene in HaCaT cells upon plant extract treatment. (* Results were signifcant with a p<0.05) 
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Figure 3.  Expression of IL-1a gene in HaCaT cellsupon plant extract treatment (**** Results with a p<0.0001) 
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Figure 4.  Expression of VEGF gene in HaCaT cellsupon plant extract treatment (** Results with a p < 0.01) 

4. Discussion 

The Anzer Plateau has a huge plant diversity and the 

famous Anzer Honey is obtained from these plants. Anzer 

Honey is a well known medical honey in Turkey. Therefore, 

present study aimed to monitor the effects of the ingredients 

of the plants. Herbal extracts are added into cosmetic 

formulations because of their anti-oxidant, 

anti-inflammatory, anti-microbial properties. Up to date, 

many plants have been evaluated scientifically for their 
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cosmetic potential and many herbal extracts were used in 

cosmetic products for skin whitening, hair care, hair loss, 

hair coloring [37-40]. Although a number of studies were 

conducted for some of the plants located at Anzer plateu but 

there was not a report indicating the effects of these plants 

for hair loss. 

Androgenetic alopecia (AGA) is characterized by 

shortening of the anagen phase and gradual thinning of hair 

density in the frontal and vertex scalp. Pathogenetic 

mechanisms in androgenetic alopecia are still unclear 

however, androgens are commonly accepted to inhibit 

growth activity of hair folliclewith early induction of the 

catagen phase [41, 42]. In human hair follicles, testosterone 

shows its effect either directly or after conversion by the 

enzyme 5 alpha reductase to the five times more potent 

5-dihydrotestosterone (5-DHT).5-DHT is generally accepted 

to be responsible for the gradual miniaturization of 

genetically prone hairs with shortening of the anagen phase, 

thereby significantly reducing the anagen-to-telogen ratio 

[43-45]. Moreover, IL-1a plays important roles in a number 

of biological responses including inflammation and wound 

healing. In both cases, large amounts of IL-1 a reproduced by 

keratinocytes, fibroblasts and macrophages localized to the 

affected areas. Apart from those, several hair promoting 

factors were studiedsuch as VEGF, IGF-1 etc. and supposed 

to have significant effects on keratinocyte cells [45-52].  

qRT-PCR has been used for the analysis of gene 

expression levels and it is a specific and sensitive method to 

analyse mRNA levels of genes. On the other hand, Western 

blotting method has been used for the protein analysis. In this 

study, we evaluated mRNA levels of three significant gene 

and found significant relations when the plant extract was 

applied to the cells. It may be useful to analyze protein levels 

of VEGF, IL-1a and 5 alpha reductase genes both in non 

treated and treated cells to see whether there would be a 

correlation between gene expression and protein expression 

levels. As a conclusion, using plant mix extract that contain 

plants from the famous Anzer plateau may have medicinal 

benefits againsthair loss.  
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