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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.



GEORGIAN MEDICAL NEWS
NO 1 (370) 2026

Yu.V. Dumanskyi, A.V. Bondar, A.A. Patskov, Ye.A. Stolyarchuk. 
ARM-ICG IN THE PREVENTION OF LYMPHEDEMA AFTER SURGICAL TREATMENT OF BREAST CANCER……………………….6-9

Chuan-Min Liu, Jia-Shu Guo. 
EFFICACY ANALYSIS OF SHENFU INJECTION COMBINED WITH DAPAGLIFLOZIN IN THE TREATMENT OF SEPTIC HEART 
FAILURE……………………………………………......................................…………………………………………………………………10-15

Lilya Parseghyan, Anna Darbinyan, Sona Poghosyan, Armenuhi Moghrovyan, Armen Voskanyan. 
DOSE-DEPENDENT PROTECTIVE EFFECTS OF TAURINE IN EXPERIMENTAL ENVENOMATION BY THE BLUNT-NOSED VIPER 
(MACROVIPERA LEBETINA OBTUSA)…………………...................................................................………………………………………16-23

Yusup A. Bakaev, Mariya E. Makarova, Zurab S. Khabadze, Nikita A. Dolzhikov, Gor G.Avetisian, Dzhandet F.  Rasulova, Anastasya A. Ivina, 
Ekaterina E. Starodubtseva, Daria A. Pervozvanova, Alisa A. Vavilova, Khalid Yu. Halituev, Oleg S. Mordanov, Anastasiya V. Mordanova. 
CLOSED HEALING OF THE PALATE MUCOSA: INDEX ASSESSMENT AND CLINICAL SIGNIFICANCE……..........………………24-29

Mereke Alaidarova, Assem Kazangapova, Ulbossyn Saltabaeva, Gulnar Zhaksylykova, Raushan Baigenzheyeva, Gani Uakkazy, Gudym Yelena, 
Marlan Basharlanova, Amangali Akanov, Joseph Almazan. 
NURSES’ PERCEIVED PROFESSIONAL PERFORMANCE IN PRIMARY HEALTH CARE: A NATIONAL STUDY OF 
ORGANIZATIONAL AND WORKFORCE DETERMINANTS…………….................................……………………………………………30-37

Alaa Mohammed Mahmoud Qasem, Abdelgadir Elamin, Marwan Ismail, Mavlyanova Zilola Farkhadovna, Ahmed L. Osman. 
EVALUATION OF SERUM GALECTIN-3 LEVELS IN PATIENTS WITH HYPOTHYROIDISM AND HYPERTHYROIDISM IN AJMAN, 
UNITED ARAB EMIRATES……………………………………....................................................................................………………………38-44

George Tchumburidze, Lukhum Tchanturia, Irakli Gogokhia. 
ADVANTAGES OF COMPUTER-NAVIGATED KNEE REPLACEMENT: IMPLICATIONS FOR BIOMECHANICS, PAIN MANAGEMENT, 
AND RECOVERY………………………………….............................................................……………………………………………………45-49

Omar Abdul Jabbar Abdul Qader. 
GENOTOXIC AND MOLECULAR STRESS EFFECTS OF DENTAL RESIN MONOMERS ON ORAL EPITHELIAL CELLS……….…50-55

Sinan Arllati, Kreshnik Syka. 
CLINICAL MANAGEMENT OF IMMEDIATE IMPLANT PLACEMENT AND LOADING IN THE ESTHETIC ZONE WITH FINAL 
PROSTHETIC RESTORATION…………………………………..........................................................………………………………………..56-60

Elina (Christian) Manzhalii, Yurii Dekhtiar, Valentyn Bannikov, Galyna Girnyk, Ivan Bavykin. 
ARTIFICIAL INTELLIGENCE IN CLINICAL DIAGNOSTICS FOR EARLY DETECTION OF CHRONIC DISEASES: A SYSTEMATIC 
REVIEW……………………………………………………………….......................................………………………………………………61-73

Yusup A. Bakaev, Mariya E. Makarova, Zurab S. Khabadze, Nikita A. Dolzhikov, Gor G. Avetisian, Dzhandet F. Rasulova, Anastasya A. Ivina, 
Ekaterina E. Starodubtseva, Daria A. Pervozvanova, Alisa A. Vavilova, Khalid Yu. Halituev, Nadejda A. Khachatryan, Oleg S. Mordanov. 
CLINICAL APPLICATION OF THE PALATAL MUCOSAL OPEN HEALING INDEX FOR EVALUATION OF PALATAL DONOR SITE 
HEALING………………………………………………........................................................………………………………………………….74-78

Raushan Aibek, Mairash Baimuratova, Zamanbek Sabanbayev, Alma-Gul Rakhimovna Ryskulova, Mariya Laktionova. 
EPIDEMIOLOGICAL TRENDS OF SALMONELLOSIS IN THE REPUBLIC OF KAZAKHSTAN: ANALYSIS OF NATIONAL DATA 
(2013–2024)………………………………………………………………….................................................……………………………….…79-90

Raghad Albarrak, Ibtihaj Abdulmohsen Almutairi, Shatha Shia Alshumaym, Haifa Saleh Alfouzan, Sadeem Sulaiman Alsenidi, Joud Muneer 
Almotairi, Lamees Fahad Alharbi, Tuqa Rashed Alyahyawi, Rawan Mushwah Alharbi, Ghaida Awadh Alfanoud, Omar saleh almisnid. 
THE PATTERN AND INFLUENCING FACTORS OF OPIOID-PRESCRIBING BEHAVIOR AMONG EMERGENCY PHYSICIANS IN THE 
QASSIM REGION: A CROSS-SECTIONAL STUDY……………...................................................................................................…………..91-95

Shalva Skhirtladze, George Petriashvili, Nana Nikolaishvili, Ana Apulava. 
FOLDABLE CAPSULAR VITREOUS BODY IMPLANTATION IN A PRE-PHTHISICAL EYE: A PRELIMINARY SHORT-TERM CASE 
REPORT…………………………………………………………………………..................................................……………………………..96-99

Rehab K. Mohammed, Nuha Mohammed. 
ENHANCEMENT OF KNOWLEDGE ABOUT DASH DIET AMONG HYPERTENSIVE PATIENTS: DIETARY EDUCATIONAL 
INTERVENTION……………..............................................…………………………………………………………………………………100-103

Mohammed Aga, Mohammad Hendawi, Safa Awad, Fatima Aljenaid, Yazid Aldirawi, Hamza Shriedah, Salih Ibrahem, Zarnain Kazi, Rafea 
Jreidi, Arkan Sam Sayed-Noor. 
CHARACTERISTICS, CLINICAL PRESENTATION AND MANAGEMENT OF PATIENTS WITH SNAKE BITES TREATED AT AL-
DHAID HOSPITAL IN UNITED ARAB EMIRATES: TWELVE YEARS’ EXPERIENCE……………….......……………………………104-109

David Gvarjaladze, Nunu Metreveli. 
QPA AND HIV-INTEGRASE APTAMER IN THE PRESENCE OF LEAD IONS…………................................…………………………110-115

Zhao Luting, Fang Qilin, Zhang Haoxu, Mo Pengli, Yu Xiaoxia. 
OBSERVATION ON THE CURATIVE EFFECT OF FACIAL PNF TECHNOLOGY COMBINED WITH MIRROR THERAPY IN THE 
TREATMENT OF PERIPHERAL FACIAL PARALYSIS………………................................................................…………………………116-122



Ahmed Mohammed Ibrahim, Arwa Riyadh Khalil Albarhawi, Samar Saleh Saadi. 
ASSOCIATION PROPERTIES OF COMPLETE BLOOD COUNT FOR LEVELS OF THYROID STIMULATING HORMONE………123-129

Tuleubayev B.E, Makhatov B.K, Vinokurov V.A, Kamyshanskiy Ye.K, Kossilova Ye.Y. 
OSTEOREGENERATIVE POTENTIAL AND REMODELING OF A COMPOSITE BASED ON NANOFIBRILLATED CELLULOSE, 
XENOGRAFT, AND BUTVAR-PHENOLIC ADHESIVE: A HISTOLOGICAL STUDY UNDER NORMAL AND INFECTED BONE 
WOUND CONDITIONS……………………..............................................................................................................................……………130-143

Zhanat Toxanbayeva, Nyshanbay Konash, Muhabbat Urunova, Zhamila Dustanova, Sveta Nurbayeva, Sabina Seidaliyeva. 
GC–MS PROFILING OF THE LIPOPHILIC FRACTION AND ACUTE SAFETY ASSESSMENT OF THE AQUEOUS EXTRACT OF 
SCUTELLARIA SUBCAESPITOSA…………………............................................................................………………………………………144-152

Karen Martik Hambardzumyan, Rafael Levon Manvelyan. 
CHANGES IN LOWER LIMB FUNCTIONAL ACTIVITY AND TREATMENT OUTCOMES IN PATIENTS WITH PERIPHERAL 
ARTERIAL DISEASE FOLLOWING THE APPLICATION OF STANDARD AND MODIFIED TREATMENT PROTOCOLS. A 
COMPARATIVE ANALYSIS…………………………................................................................................…………………………………153-159

Asmaa Abdulrazaq Al-Sanjary. 
SALINE INFUSION SONOGRAPHY IN EVALUATION OF SUBFERTILE WOMEN AND ITS EFFECT ON REPRODUCTIVE 
OUTCOME…………………………………………………………………………...............................................…………………………160-166

Nino Buadze, Maia Turmanidze, Paata Imnadze, Nata Kazakashvili. 
IMPACT OF THE COVID-19 PANDEMIC ON THE SURVEILLANCE OF INFECTIOUS DISEASES: ASSESSMENT OF THE 
LEPTOSPIROSIS SURVEILLANCE SYSTEM IN THE ADJARA REGION (2020–2024)………………………………………..………167-174

Nurlan Urazbayev, Ruslan Badyrov, Nurkassi Abatov, Alyona Lavrinenko, Yevgeniy Kamyshanskiy, Ilya Azizov. 
EXPERIMENTAL EVALUATION OF TISSUE RESPONSE TO IMPLANT MATERIALS UNDER ESCHERICHIA COLI 
CONTAMINATION…………………......................…………………………………………………………………………………………175-184

Abdulaev M-T.R, Kachikaeva L.T, Murtuzaliev Z.R, Khokhlova M.S, Badalian M.A, Tskaev T.A, Abdulkhalikov A.E, Arutiunian N.A, 
Rustamov M.T, Yakhyaev R.S, Chuenkova T.S, Zolfaghari Yousef. 
THE ROLE OF SURGICAL INTERVENTION IN THE MULTIMODAL TREATMENT OF BREAST CANCER IN OLDER 
WOMEN……………………………………………………………………………………………………………….......................………185-187

Ahmed Abdulraheem Ibrahim Dahy, Mohanad Luay Jawhar, Baraa Ahmed Saeed, Noor Yahya Muneer, Anwer Jaber Faisal. 
IMPACT OF GINGER SUPPLEMENTATION ON BLOOD PRESSURE AND GLUCOSE LEVELS IN PATIENTS WITH TYPE 2 DIABETES 
MELLITUS AND CARDIOVASCULAR DISEASE……………………...........................................................................………………….188-192

Marwan Ismail, Mutaz Ibrahim Hassan, Mosab Khalid, Jaborova Mehroba Salomudinovna, Assiya Gherdaoui, Majid Alnaimi, Raghda 
Altamimi, Mahir Khalil Jallo, Iriskulov Bakhtiyar Uktamovich, Shukurov Firuz Abdufattoevich, Shawgi A. Elsiddig, Ramprasad Muthukrishnan, 
Kandakurthi Praveen Kumar, Elryah I Ali, Asaad Babker, Abdelgadir Elamin, Srija Manimaran. 
DIFFERENTIAL ASSOCIATIONS BETWEEN PHYSICAL ACTIVITY AND GLYCEMIC CONTROL ACROSS BODY MASS INDEX IN 
TYPE 2 DIABETES: A COMPARATIVE ANALYSIS OF HBA1C AND FRUCTOSAMINE……...................................................………193-199

Ketevan Tsanava, Malvina Javakhadze, Ekaterine Tcholadze, Lia Trapaidze, Tamar Sokolova, Gvantsa Kvariani. 
SEVERE TOXIC EPIDERMAL NECROLYSIS COMPLICATED BY ACUTE KIDNEY INJURY: DIAGNOSTIC AND THERAPEUTIC 
CONSIDERATIONS……………………............................................……………………………………………………………………….200-204

Torgyn Ibrayeva, Assel Iskakova, Togzhan Algazina, Gulnar Batpenova, Dinara Azanbayeva, Gulnaz Touir, Issa Emir Ardakuly, Aizhan 
Shakhanova. 
ECZEMA AND TRANSEPIDERMAL MOISTURE LOSS: A SYSTEMATIC REVIEW AND META-ANALYSIS (REVIEW)…………205-212

Kalashnik-Vakulenko Yu, Kostrovskyi O, Aleksandruk N, Makaruk O, Kudriavtseva T.O, Lytovska O, Leliuk O, Alekseeva V. 
ANATOMICAL FEATURES OF THE CAROTID ARTERIES, OPHTHALMIC NERVES, MANDIBULAR NERVE AND EXTRAOCULAR 
ARTERY BASED ON MULTISLICE COMPUTED TOMOGRAPHY (MSCT) DATA……………………………………………………213-218

Rigvava Sophio, Kusradze Ia, Karumidze Natia, Kharebava Shorena, Tchgkonia Irina, Tatrishvili Nino, Goderdzishvili Marina. 
PREVALENCE, PHYLOGENETIC DIVERSITY, AND ANTIMICROBIAL RESISTANCE OF UROPATHOGENIC ESCHERICHIA COLI IN 
GEORGIA…………………………….........................................................…………………………………………………………………219-227

Babchuk O.G, Gulbs O.A, Lantukh I.V, Kobets O.V, Ponomarenko V.V, Lytvynova I.L, Lukashevych N.M, Minin M.O, Rogozhan P.Y, Pustova 
N.O. 
PECULIARITIES OF THE DEVELOPMENT OF THE PSYCHOLOGICAL STATE OF MEDICAL STUDENTS AND LAW ENFORCEMENT 
UNIVERSITY CADETS………………………............................................................………………………………………………………228-233

Kirill I. Seurko, Roman A. Sokolov, Alexandr N. Kosenkov, Elena V. Stolarchuk, Kseniya I. Seurko, Elena N. Belykh, Mikhail I. Bokarev, 
Magomed E. Shakhbanov, Alexandr I. Mamykin, Andrew I. Demyanov, Omari V. Kanadashvili. 
LEFT HEMICOLECTOMY IN PATIENTS WITH COLORECTAL CANCER: SURGICAL VIEW ON INFERIOR MESENTERIC ARTERY 
ANATOMY VARIABILITY………………………..............................................................…………………………………………………234-242

Pere Sanz-Gallen, Inmaculada Herrera-Mozo, Beatriz Calvo-Cerrada, Albert Sanz-Ribas, Gabriel Martí-Amengual. 
OCCUPATIONAL ALLERGIC DERMATITIS IN METALWORKERS………………..............................…………………………………243-249

Erkin Pekmezci, Songül Kılıç, Hakan Sevinç, Murat Türkoğlu. 
THE EFFECTS OF ROSMARINUS OFFICINALIS ON VEGF AND IL-1α GENE EXPRESSIONS IN HACAT CELLS: UNRAVELING ITS 
MECHANISM OF ACTION IN WOUND HEALING AND HAIR LOSS………….......................................................................………..250-254



GEORGIAN MEDICAL NEWS
No 1 (370) 2026

© GMN 250

THE EFFECTS OF ROSMARINUS OFFICINALIS ON VEGF AND IL-1Α GENE 
EXPRESSIONS IN HACAT CELLS: UNRAVELING ITS MECHANISM OF ACTION IN 

WOUND HEALING AND HAIR LOSS
Erkin Pekmezci1*, Songül Kılıç2, Hakan Sevinç2, Murat Türkoğlu2.

1İstanbul Medipol University, International Faculty of Medicine, Department of Dermatology, İstanbul, Turkey.
2Biota Laboratories, R&D Department, 34785 Sancaktepe, İstanbul, Turkey.

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-1α, 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-1α respectively. Results 
of gene expression analyses showed that, although the plant 
extract caused statistically significant upregulation of VEGF 
(P = 0.0258), downregulation of IL-1α was not significant (P 
= 0.2821) compared to gene expressions of untreated control 
cells. 

Conclusions: Although the modulation of IL-1α 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-1α, 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 

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 16th 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-1α 
(IL-1α), 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, 
İstanbul-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 μm 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-1α [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 1×104 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 

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 μM each final concentration of gene specific primers 
of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as 
reference gene, IL-1α and VEGF as study materials (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 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 

Figure 1. Cytotoxicity analysis result of Rosmarinus officinalis leaf 
extract. The red bar represents the extract concentration chosen for 
incubation.

Figure 2. Gene expression levels and P values of VEGF and IL-1α in 
Rosmarinus officinalis leaf extract treated cells, compared to untreated 
control cells. *P < 0.05.
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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 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 amplifed 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 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-1α (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-1α 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 

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-1α, a proinflammatory polypeptide mediator, and react to it 
by relevant receptors [19]. IL-1α 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-1α 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-1α 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-1α 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 

Primers Forward Primer Reverse Primer
GADPH* ATGGGTGTGAACCATGAGAA GTGCTAAGCAGTTGGTGGTG
IL-1α ACCAGTGCTGCTGAAGGAGAT GTGCCGTGAGTTTCCCAGAA
VEGF ATGCGGATCAAACCTCACCA CCACAGGGACGGGATTTCTTG
*GADPH is the reference gene.

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