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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background and Objective: Rosmarinus officinalis (Ro),
popularly known as rosemary, is an aromatic perennial shrub
originated from Mediterranean region and belongs to family
Lamiaceae. Although the health promoting effects of Ro in
dermatology, especially in wound healing and hair loss were
documented to a certain extent, specific studies in this field are
lacking. In this study it is investigated the molecular bases of
these cutaneous effects, by determining gene expression levels
of VEGF and IL-1a, in a human keratinocyte cell line (HaCaT)
treated with Ro extract.

Methods: After the preparation of Ro leaf extract and
determination of non-cytotoxic concentration, HaCaT cells
were treated with the extract. RNA isolations were carried out
from both non-treated and treated cell groups. Gene expressions
were determined by real time RT-qPCR analysis.

Results: Results were represented as Target/Control Fold
Change, and the treatment ended up with 7.45 + 1.87 and 0.80
+ 0.17 fold changes for VEGF and IL-1a respectively. Results
of gene expression analyses showed that, although the plant
extract caused statistically significant upregulation of VEGF
(P = 0.0258), downregulation of IL-1a was not significant (P
= 0.2821) compared to gene expressions of untreated control
cells.

Conclusions: Although the modulation of IL-1a found non-
significant, the significant upregulation of VEGF may partially
explain the mechanism of the beneficiary effects of Ro in wound
healing and hair loss. Further in-vitro and in-vivo studies are
needed to discover the molecular bases of the therapeutic effects
of this plant, and to reveal its potential applications in various
skin disorders.

Key words. Rosmarinus officinalis, VEGF, IL-10, wound
healing, hair loss.

Introduction.

Rosmarinus officinalis (Ro) popularly known as rosemary, is
an aromatic perennial shrub which belongs to family Lamiaceae.
It is originated from Mediterranean region but it can be found
all over the World [1]. Ro has therapeutic properties and has
been used in the folk medicine, pharmaceutical, and cosmetic
industries; mainly for its antioxidant and anti-inflammatory
properties [2]. Several medicinal applications of Ro have been
identified, such as treatment of disorders associated with the
nervous, cardiovascular, gastrointestinal, hepatic, genitourinary,
reproductive, respiratory and integumentary systems [3]. The
molecules responsible from the biological activities of Ro are
primarily phenolic compounds [4]. The main phytochemicals
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present in the extracts of Ro are rosmarinic acid, caffeic acid,
ursolic acid, betulinic acid, carnosic acid and carnosol in
proportions that vary according to the vegetative stage and
bioclimatic conditions [3-5]. However, specific and solitary
compounds causing these effects have rarely been identified due
to the synergistic actions of several metabolites present in the
plant [2].

Rosemary has been shown to have beneficial roles in the
treatment of various skin disorders such as, ultraviolet (UV)
damage, skin cancer, aging, alopecia and wound healing as well
as promoting the survival of skin flaps [2,6]. The photoprotective
role of a water-soluble extract of Ro was identified by showing
its ability to downregulate both the basal levels of matrix
metalloproteinase-1 (MMP-1) and the transcription of UVA/
UVB-induced MMP-1 in dermal fibroblasts [7]. A study
exploring the healing potential of Ro performed on rats showed
that wound healing in the 4% Ro cream group was faster than 2%
Ro cream and control groups [8]. In a study performed on rats
aiming to determine whether the use of systemic Ro extract can
prevent flap necrosis and improve skin flap recovery, the mean
percentage of viable surface area and mean vessel diameter
were significantly greater in the groups which had given oral
or parentheral Ro, compared to control group. It was concluded
that in addition to its anti-inflammatory and anti-oxidant
effects, Ro has vasodilatory effects that contribute to increased
skin flap survival [9]. Alopecia areata is an autoimmune and
inflammatory disease [10]. In a clinical study performed on
patients with alopecia areata to assess the therapeutic potential
of a mixture of essential oils including Ro, it was shown
significant improvement against the control group [11]. Mice
with testosterone-induced alopecia were treated topically with
hydroalcoholic extracts of rosemary, and the results showed a
significant increase in hair growth after the 16¢4 day of treatment
compared to control group [12]. In a clinical study which
compared the efficacy of rosemary essential oil to 2% minoxidil
solution for the treatment of androgenetic alopecia (AGA), a
significant increase in hair count reported for both treatments
with no difference between the two study groups, confirming
the therapeutic effectiveness of Ro [6]. Given the inflammatory
component, shown as perifollicular inflammatory infiltrate in
the pathogenesis of AGA, anti-inflammatory activity of Ro is
desirable in treatment of this disorder [13]. Ro was shown to
have positive effects even in healthy follicles: 1% methanolic
extract of Ro displayed a potent hair growth promoting activity
on healthy mice, compared to standard 2% minoxidil hair
lotion [14]. Rosemary acts by improving blood circulation and
improving vascularity helping the regeneration of follicles with
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a similar effect that is provided by minoxidil [15].

In the light of the previous studies, we investigated probable
molecular bases in dermo-therapeutic effects of Ro. Therefore,
we treated human keratinocyte cells (HaCaT) with Ro leaf
extract, in order to determine the gene expression levels of
vascular endothelial growth factor (VEGF) and interleukin-1a
(IL-1a), which were previously reported as having positive and
negative impacts respectively both in chronic cutaneous wounds
and non-cicatricial hair loss.

Materials and Methods.

Plant material and preparation of the extract:

The plant, Ro, was collected locally, and identified using
a stereomicroscope and a guidebook in Biota Laboratories,
Istanbul-Turkey. Dried leaves of the plant were used for
extraction. Forty grams of fine-cut leaves were extracted with
500 mL (70% Alcohol + 30% distilled water) mixture using a
Soxhlet extractor at the boiling point of the solvent, completing
two full cycles. The extract was filtered through a 0.45 pum filter
into a glass vial.

HaCaT cells and cell culture:

HaCaT cells are the spontaneously immortalized human
keratinocyte cell line that has been used for studies of the
epidermal homeostasis and its pathophysiology [16]. HaCaT
cell line has a high differentiation potential in cell culture, based
on the expression of various epidermal differentiation markers
[17]. Additionally, keratinocytes can both synthesize and react
(by receptors) to both VEGF [18] and IL-1a [19].

HaCaT cells were maintained in New Brunswick incubator
(Eppendorf) at 37°C in a humidified atmosphere at 5% carbon
dioxide, in Dulbecco's Modifed 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 commercially.

Cell proliferation assay and cytotoxicity analysis:

The cellular toxicity of Ro extract was investigated using
2,3-bis  (2-methoxy-4-nitro-5-sulfophenyl) S-|(phenylamino)
carbonyl|-2//-tetrazolium hydroxide (XTT) cell proliferation
assay (Roche Diagnostics) according to scientific principles
[20] and manufacturer’s instructions. HaCaT cells were seeded
into 96-well plates at a density of 1x10*cells / well. Plant extract
was diluted with culture medium and cells were subjected to
various concentrations (100%, 3%, 1%, 0.5% and 0%) of the
plant extract. After 72 h incubation period, cells were exposed
to XTT and activator reagents for 4 h as described by the
manufacturer. The viability of the cells was 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, which was
compared to the control group as percent value, was calculated
by using the formula below:

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

The concentration of extract at the value which corresponds
to nearest 80% cell proliferation ratio was chosen. Otherwise,
to take this ratio higher makes the study to be performed with
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a very low concentration, which may be inappropriate for the
experiment. Cell proliferation (%) / Extract concentration (%)
data are depicted in Figure 1.

RNA isolation and reverse transcription:

Total RNA was extracted from the cells treated with Ro
extract solution and from untreated cells, using the TRI reagent
(Sigma Aldrich) according to the scientific principles [21,22]
and the manufacturer’s instructions. RNA quantity and purity
were determined spectrophotometrically using BioSpec-nano.
Transcriptor First Strand Complementary DNA (cDNA)
Synthesis Kit (Roche Diagnostics) was used for reverse
transcription. cDNA synthesis was carried out using 500 ng total
RNA, 2 uM each final concentration of gene specific primers
of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as
reference gene, IL-1a and VEGF as study materials (Integrated
DNA Technologies), 10 U of Transcriptor Reverse Transcriptase,
20 U of Protector RNAse Inhibitor, 1 mM each of ANTP mix,
and Transcriptor Reverse Transcription Buffer (5X) according
to the manufacturer’s (Roche Diagnostics) instructions. Primer
sequences (5°-3”) are given in Table 1.

Gene expression analysis:

Real-time reverse transcription quantitative polymerase chain
reaction (RT-qPCR) was carried out in Light Cycler 96 (Roche
Diagnostics). The analysis was performed according to the
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Figure 1. Cytotoxicity analysis result of Rosmarinus officinalis leaf
extract. The red bar represents the extract concentration chosen for
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Table 1. Primers (5'-3') of the genes studied.

Primers Forward Primer

GADPH* ATGGGTGTGAACCATGAGAA
IL-1a ACCAGTGCTGCTGAAGGAGAT
VEGF ATGCGGATCAAACCTCACCA

*GADPH is the reference gene.

scientific principles [21,22] and the manufacturer’s instructions.
Amplification of products was detected via Fast Start DNA
Green Master Kit (Roche Diagnostics). Each 20 uL reaction
contained 10 pL SYBR Green Master Mix (2X), 0.5 uM 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 amplifed products. The AACt method of
relative quantification was used to determine the fold change in
expression. Fold change was calculated by the equation below:
Fold change = 2744

Statistical analysis:

All data are representatives of three repeats and expressed as
mean and standard error of the means. Statistical evaluation was
performed by t-test, using ‘Graph Pad Prism 5’ software and the
results with p < 0.05 were accepted as significant.

Results.

Cell proliferation assay and cytotoxicity analysis:

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).

Gene expression analysis:

Results were represented as Target/GAPDH Fold Change.
Results of gene expression analyses via real time RT-qPCR
showed that plant extract caused statistically significant
upregulation of VEGF (P = 0.0258) and non-significant
downregulation of IL-la (P = 0.2821) gene expressions,
compared to untreated control cells. Plant extract treatment
ended up with 7.45 = 1.87 and 0.80 + 0.17 fold changes for
VEGF and IL-1a respectively (Figure 2).

Discussion.

VEGF, is one of the most widely expressed pro-angiogenic
mediators in the skin. It can be produced by diverse cell types,
but mainly by keratinocytes [18]. VEGF released by follicular
keratinocytes, boosts perifollicular angiogenesis which expands
follicle size. Numerous disorders characterized by hair loss,
including AGA, display changes in skin vasculature [23]. VEGF
stimulates hair growth by easing the supply of nutrients to the
hair follicle, which leads to an increase in the base of follicle
diameter [24]. Although the mesenchyme-derived papilla
regulates the epithelial follicle in various aspects, intrinsic
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Reverse Primer
GTGCTAAGCAGTTGGTGGTG
GTGCCGTGAGTTTCCCAGAA
CCACAGGGACGGGATTTCTTG

dermal-epidermal interactions are central to the development
and growth of hair. Besides the inductive powers of dermal
papilla cells, germinative epidermal cells (i.e. keratinocytes)
of the lower follicle also have androgenic receptors and
stimulate hair growth [25,26]. In a study performed to reveal
VEGF expression in cultured human follicular cells, dermal
papilla cells, fibrous sheath fibroblasts, dermal fibroblasts, and
follicular and interfollicular keratinocytes; all expressed VEGF
in various amounts at mRNA level [27]. Minoxidil was revealed
to increase human hair follicle vascularization by upregulating
the expression of VEGF in dermal papilla cells [28]. VEGF
demonstrated a significant proliferation in perifollicular
vascularization during the anagen phase of murine hair follicle
[29]. Angiogenesis also has an essential role in wound repair.
VEGF is a unique factor in the migration process of fibroblasts
and has a pleiotropic role in tissue repair via neovascularization,
reepithelialization, and regulation of extracellular matrix
[30,31]. It is upregulated during the early days of healing, when
capillary growth is maximal [32]. In chronic wounds as in
diabetes, VEGF synthesis was found decreased, indicating that
the lack of this factor can be related to insufficient wound healing.
It is interesting that, keratinocytes which are the major sources
for VEGF production in skin, also express VEGF receptors.
These non-angiogenic targets for VEGF, causing keratinocyte
growth and migration may supply new therapeutic opportunities
in wound healing [18]. The keratinocytes also both synthesize
IL-10, a proinflammatory polypeptide mediator, and react to it
by relevant receptors [19]. IL-1a is a direct growth inhibitory
factor which has antiproliferative effects in hair follicles, and
it is a salient agent in the pathogenesis of AGA, and alopecia
areata [33,34]. Besides hair growth, IL-1a has negative effects
on wound healing also [35].

Considering the abovementioned reports, it can be suggested
that, while VEGF exerts positive effects in hair loss and wound
healing, IL-1a has negative effects in both. Our results given
as significant upregulation of VEGF with a fold change of 7.45
in HaCaT cells by Ro leaf extract, may partially explain the
molecular bases of the beneficiary effects of this plant on skin
disorders, which were mentioned in previous ethnobotanical
and clinical reports. Of course, natural products are not
pharmaceuticals and the complexity of chemical composition of
extracts suggests involvement of various mechanisms leading
to difficulties in identifying just one pathway of molecular
action [36,37]. It is highly plausible that the compounds of an
extract act in synergistic ways [36]. In this preliminary study
which was aimed to find whether Ro could modulate VEGF
and IL-1a at mRNA level, we did not perform phytochemical
analyses, both because it would not have any consequence on
the outcome of the experiment, and it would not impact our
way of interpretation of the results. Although this may seem



as a limitation, the important point here is to establish a solid
connection between the chemical features of the plant and
the results of the study. Indeed, to establish a cause-effect
relationship in this manner, will be quite complicated and will
need additional studies for each revealed constituent separately,
and then collectively to uncover probable synergistic effects.
Lack of protein level validations and lack of comparisons with
positive controls may be considered as the other limitations
of this study. Through additional in-vitro and in-vivo studies,
and by way of understanding its constituents and mechanisms
of therapeutic effects further, Ro may be utilized in producing
supportive medicinal products against both non-cicatricial hair
loss and chronic cutaneous wounds.

Conclusion.

The significant upregulation of VEGF gene expression
revealed in HaCaT cells by Ro leaf extract provide preliminary
evidence that Ro can modulate gene expressions in keratinocytes.
This result may partially explain the molecular bases of the
beneficiary effects of this plant in hair loss and wound healing.
Further in-vitro and in-vivo studies are needed to confirm the
mechanisms of action extensively and to find out potential
applications of Ro in various skin disorders.
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