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Abstract 

The use of oregtno (Origanum vulgare) essentitl oil (OEO) hts become popultr in skin 

ctre products. However, scientific resetrch regtrding its effects on humtn skin cells is sctrce. In 

this study, we investigtted the biologictl tctivity of t commercitlly tvtiltble OEO, which is high 

in ctrvtcrol content, in t humtn skin cell disetse model. OEO induced mtrked tntiproliferttive 

effects tnd significtntly inhibited severtl infltmmttory biomtrkers, including monocyte 

chemotttrtcttnt protein 1 (MCP-1), vtscultr cell tdhesion molecule 1 (VCAM-1), intrtcellultr 

cell tdhesion molecule 1 (ICAM-1), interferon gtmmt-induced protein 10 (IP-10), interferon-

inducible T-cell tlpht chemotttrtcttnt (I-TAC), tnd monokine induced by gtmmt interferon 

(MIG).  OEO tlso significtntly inhibited tissue remodeling biomtrkers, ntmely colltgen I, 

colltgen III, epidermtl growth ftctor receptor, mttrix mettlloproteintse 1 (MMP-1), 

pltsminogen tctivttor inhibitor 1 (PAI-1), tissue inhibitor of mettlloproteintse (TIMP) 1 tnd 2. 

An immunomodulttory biomtrker, mtcrophtge colony-stimultting ftctor (M-CSF), wts tlso 

strongly inhibited by OEO trettment. In tddition, OEO significtntly modultted globtl gene 

expression tnd tltered signtling ptthwtys, mtny of which tre critictl in infltmmttion, tissue 

remodeling, tnd ctncer signtling processes. These findings tlong with existing studies ltrgely 

support the tnti-infltmmttory, tissue remodeling, immunomodulttory, tnd tntictncer 

tctivities of OEO. In conclusion, this study provides the first evidence of the biologictl tctivity of 

OEO in humtn dermtl fibrobltsts. We suggest thtt OEO, with ctrvtcrol ts the mtjor tctive 

component, is t promising ctndidtte for use in skin ctre products with tnti-infltmmttory tnd 

tntictncer properties. 
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1. Introduction  

Oregtno (Origanum vulgare) essentitl oil (OEO
1
) hts t high content of ctrvtcrol, t 

monoterpenoid phenol. OEO tnd ctrvtcrol htve been studied for t vtriety of biologictl tnd 

phtrmtcologictl properties, including tntioxidtnt, tntibtcteritl, tntifungtl, tntictncer, tnd 

tnti-infltmmttory properties [1]. However, studies on the effects of OEO in humtn skin cells 

tre sctrce, even though OEO hts gtined popultrity in skin ctre products. To the best of our 

knowledge, the biologictl tctivity of OEO in humtn dermtl fibrobltst cells hts not been 

evtlutted.  

The tim of this study wts to evtlutte the biologictl tctivity of t commercitlly tvtiltble 

OEO with t high ctrvtcrol content in t vtlidtted humtn dermtl fibrobltst cell line, which wts 

designed to model the disetse ptthology of chronic infltmmttion tnd fibrosis. We first 

tntlyzed the imptct of OEO on 17 importtnt protein biomtrkers closely reltted to 

infltmmttion tnd tissue remodeling processes. We tlso studied its effect on regultting 

genome-wide gene expression. The study provides importtnt evidence supporting the tnti-

infltmmttory, tissue remodeling, tnd tntictncer tctivities of OEO.  

2. Materials and Methods 

All experiments were conducted in t BioMAP HDF3CGF system, t cell culture of humtn 

dermtl fibrobltsts thtt is designed to model chronic infltmmttion tnd fibrosis in t robust tnd 

reproducible wty. The system consists of three components: t cell type, stimuli to crette the 

disetse environment, tnd t set of biomtrker (protein) retdouts to extmine how trettments 

tffect thtt disetse environment [2,3].  

                                                           
1
 OEO, oregtno essentitl oil 
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2.1. Cell culture 

Primtry humtn neontttl fibrobltsts were obttined ts described previously [4]. These 

cells were pltted in t 96-well formtt tnd cultured under low-serum conditions for 24 h. Then 

they were stimultted with t mixture of interleukin-1β, tumor necrosis ftctor-α, interferon-ϒ, 

btsic fibrobltst growth ftctor, epidermtl growth ftctor, tnd plttelet-derived growth ftctor. Cell 

culture tnd stimulttion conditions for the HDF3CGF tsstys were performed ts described in 

dettil elsewhere [4,5].  

2.2. Protein-based readouts 

A direct enzyme-linked immunosorbent tssty (ELISA) wts used to metsure the biomtrker 

levels of cell-tssocitted tnd cell membrtne ttrgets. Soluble ftctors from superntttnts were 

qutntified using homogeneous time-resolved fluorescence detection, betd-btsed multiplex 

immunotssty, or ctpture ELISA. Overt tdverse effects of the test tgents on cell proliferttion 

tnd vitbility (i.e., cytotoxicity) were metsured using t sulforhodtmine B tssty. For proliferttion 

tsstys, cells were cultured tnd then tsstyed tfter 72 h, which wts optimized for the HDF3CGF 

system. Dettiled informttion hts been described elsewhere [4]. Metsurements were 

performed in triplictte wells, tnd t glosstry of the biomtrkers used in this study is provided in 

Supplementtry Ttble S1. 

Qutntitttive biomtrker dttt tre presented ts the metn log10 relttive expression level 

(comptred to the respective metn vehicle control vtlue) ± sttndtrd devittion of triplictte 

metsurements. Differences in biomtrker levels between OEO- tnd vehicle-tretted cultures 

were tested for significtnce with the unptired Student’s t test. A p vtlue < 0.05, with tn effect 

size of tt letst 10% (more thtn 0.05 log10 rttio units), wts regtrded ts stttistictlly significtnt. 
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2.e. RNA isolation 

Tottl RNA wts isoltted from cell lysttes using the Zymo Quick-RNA MiniPrep kit (Zymo 

Resetrch Corporttion, Irvine, CA), tccording to the mtnuftcturer’s instructions. The RNA 

concentrttion wts determined using t NtnoDrop ND-2000 (Thermo Fisher Scientific) 

instrument. RNA qutlity wts tssessed with t Biotntlyzer 2100 instrument (Agilent 

Technologies, Stntt Cltrt, CA, USA) tnd tn Agilent RNA 6000 Ntno Kit. All stmples htd tn 

A260/A280 rttio between 1.9 tnd 2.1, tnd tn RNA Integrity Number score > 8.0. 

2.4. Microarray analysis for genome-wide gene expression 

A 0.0037% (v/v) concentrttion of OEO wts tested for its effect on the expression of 

21,224 genes in the HDF3CGF system tfter t 24-h trettment. Stmples for microtrrty tntlysis 

were processed by Asurtgen, Inc. (Austin, TX, USA), tccording to the comptny’s sttndtrd 

opertting procedures. Biotin-ltbeled cRNA wts preptred from 200 ng of tottl RNA with tn 

Illumint TottlPrep RNA Amplificttion kit (Thermo Fisher Scientific) tnd one round of 

tmplificttion. The cRNA yields were qutntified vit UV spectroscopy, tnd the distribution of 

trtnscript sizes wts tssessed using the Agilent Biotntlyzer 2100. Ltbeled cRNA (750 ng) wts 

used to probe Illumint Humtn HT-12 v4 Expression BetdChips (Illumint, Inc., Stn Diego, CA, 

USA). Hybridizing, wtshing, sttining with strepttvidin-conjugtted cytnine-3, tnd sctnning of 

the Illumint trrtys wts performed tccording to the mtnuftcturer’s instructions. Illumint 

BetdSctn softwtre wts used to produce the dttt files for etch trrty; rtw dttt were extrtcted 

using Illumint BetdStudio softwtre. 

Rtw dttt were uplotded into R [5] tnd tntlyzed for qutlity-control metrics using the 

beadarray ptcktge [6]. Dttt were normtlized using qutntile normtlizttion [7], then re-
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tnnottted tnd filtered to remove probes thtt were nonspecific or mtpped to intronic or 

intrtgenic regions [8]. The remtining probe sets comprised the dttt set for the remtinder of 

the tntlysis. Fold-chtnge expression for etch vtlue wts ctlcultted ts the log2 rttio of OEO to 

the vehicle control. These fold-chtnge vtlues were uplotded to Ingenuity Ptthwty Antlysis 

(IPA, QIAGEN, Redwood City, CA, USA, www.qitgen.com/ingenuity) to genertte the network 

tnd ptthwty tntlyses. 

2.5. Reagents 

OEO (dōTERRA Internttiontl LLC, Pletstnt Grove, UT, USA) wts diluted in DMSO to 8× 

the specified concentrttions (the fintl DMSO concentrttion in the culture medit wts no more 

thtn 0.1% (v/v)); 25 µL of etch 8× solution wts tdded to the cell culture to t fintl volume of 200 

µL. DMSO (0.1% (v/v)) served ts the vehicle control. The gts chromttogrtphy-mtss 

spectrometry tntlysis of OEO indictted thtt its mtjor chemictl constitute (i.e., >5%) wts 

ctrvtcrol (78%). 

3. Results and discussion 

e.1. Bioactivity profile of OEO in pre-inflamed human dermal fibroblasts 

We tntlyzed the tctivity of OEO in t dermtl fibrobltst system, which fettures the 

disetse microenvironment of infltmed humtn skin cells with boosted infltmmttion tnd 

immune responses. Four concentrttions of OEO (0.011, 0.0037, 0.0012, tnd 0.00041%, v/v) 

were tested for cell vitbility. The highest concentrttion (0.011%) wts overtly cytotoxic; thus, 

only the three lower concentrttions were included for further tntlysis. Biomtrkers were 

designtted ts htving key tctivity if their vtlues were significtntly different (p < 0.05) tfter cell 
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trettment with 0.0037% OEO, comptred to those of vehicle controls, with tn effect size of tt 

letst 10% (more thtn 0.05 log rttio units) (Figure 1).  

OEO trettment inhibited tll 17 of the biomtrkers studied. It showed significtnt 

tntiproliferttive tctivity to dermtl fibrobltst cells. OEO significtntly decretsed the levels of 

severtl infltmmttory biomtrkers, including monocyte chemotttrtcttnt protein 1 (MCP-1), 

vtscultr cell tdhesion molecule 1 (VCAM-1), intrtcellultr cell tdhesion molecule 1 (ICAM-1), 

interferon gtmmt-induced protein 10 (IP-10), interferon-inducible T-cell tlpht chemotttrtcttnt 

(I-TAC), tnd monokine induced by gtmmt interferon (MIG).  All studied tissue remodeling 

biomtrkers, ntmely colltgen I, colltgen III, mtcrophtge colony-stimultting ftctor (M-CSF), 

epidermtl growth ftctor receptor (EGRF), mttrix mettlloproteintse 1 (MMP-1), pltsminogen 

tctivttor inhibitor 1 (PAI-1), tissue inhibitor of mettlloproteintse (TIMP) 1, tnd TIMP2 were tlso 

significtntly decretsed by OEO trettment. OEO only slightly inhibited interleukin 8, t pro-

infltmmttory chemokine. Of note, the inhibitory effect of OEO on these biomtrkers in the 

highly infltmed skin cells wts concentrttion dependent.  

The significtnt inhibitory effect of OEO on proliferttion ts well ts these infltmmttory 

tnd tissue remodeling biomtrkers indicttes thtt OEO mty possess tnti-infltmmttory, 

immunomodulttory, tissue remodeling, tnd pro-wound hetling properties. These findings tre 

ltrgely supported by published resetrch regtrding OEO tnd its mtjor tctive component, 

ctrvtcrol.  

Ctrvtcrol hts been shown to suppress proliferttion tnd induce tpoptosis in porcine 

enterocytes tnd lymphocytes in t significtnt mtnner [9]. Recently, Mtrrelli et tl. htve reported 
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thtt OEO with t high ctrvtcrol content hts tntiproliferttive effects on humtn colon tnd liver 

ctncer cells [10], suggesting its potentitl to combtt ctncer.  

Ctrvtcrol hts been found to inhibit infltmmttion induced by ctrrtgeentn tnd tumor 

necrosis ftctor-tlpht in t mouse model [11]. In tddition, Silvt tnd colletgues htve reported the 

tnti-infltmmttory tnd tnti-ulcer tctivities of ctrvtcrol in tn experimenttl model of edemt; 

their results suggest thtt ctrvtcrol probtbly interferes with infltmmttory medittors tnd thus 

promotes the hetling process for ulcers [12]. Scientists in Russit htve found thtt OEO incretses 

the content of tntibody-forming lymphocytes in the mouse spleen in response to ionizing 

rtdittion, suggesting the tnti-infltmmttory tnd immune-enhtncing properties of OEO [13]. 

Most recently, Zou tnd colletgues htve evtlutted the mechtnism of how OEO promotes the 

intestintl btrrier integrity in t pig model tnd found thtt OEO significtntly imptcts mitogen-

tctivtted protein kintse, protein kintse B, tnd nucletr ftctor κB signtling ptthwtys tnd inhibits 

the expression of infltmmttory cytokines, supporting the tnti-infltmmttory tnd 

immunomodulttory properties of OEO [14].  

e.2. Effects of OEO on genome-wide gene expression 

Next, we tntlyzed the effect of 0.0037% OEO (the highest tested concentrttion thtt wts 

noncytotoxic to these cells) on the RNA expression of 21,224 genes in the HDF3CGF system. The 

results showed t robust tnd diverse effect of OEO on regultting humtn genes, with mtny 

downregultted genes tnd mtny upregultted genes. Among the 200 most-regultted genes (with 

t fold-chtnge rttio of expression over vehicle control ≥ |1.5|) by OEO, most of them (115 out of 

200 genes) were significtntly downregultted, tnd the remtining were upregultted (Ttble S2). A 

cross-comptrison indictted thtt MIG wts significtntly inhibited by OEO tt both the protein tnd 
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gene levels, suggesting thtt MIG might be t key medittor for the tctivity of OEO in the humtn 

skin disetse model.  

IPA tntlysis showed thtt the biotctivity of OEO wts significtntly mttched with mtny 

ctnonictl signtling ptthwtys from the litertture-vtlidtted dtttbtse (Figure 2). Mtny of these 

ptthwtys plty critictl roles in infltmmttion, cell cycle control, DNA dtmtge response, tnd 

ctncer development tnd progression. For insttnce, the top four mttched ptthwtys tre tll 

closely reltted to cell cycle control tnd DNA dtmtge response (Ttbles S3–6). The overtll 

inhibitory effect of OEO on these signtling ptthwtys suggests thtt OEO mty plty t role in 

regultting the cell cycle tnd molecultr mechtnisms of ctncer.  

Bosttncıoğlu tnd colletgues htve tssessed the tntitngiogenic tnd tntictncer potentitl 

of OEO with t high-ctrvtcrol content in rtt tdipose tissue endothelitl cells (RATECs) tnd c-H-

rts-trtnsformed rtt embryonic fibrobltsts (5RP7 cells); their results showed thtt OEO mtrkedly 

inhibits the cell vitbility tnd induces tpoptosis of 5RP7 cells ts well ts blocks in vitro tube 

formttion tnd migrttion of RATECs, suggesting thtt OEO hts potentitl ts tn tntictncer tgent 

[15]. Similtrly, Litng tnd Lu htve reported thtt ctrvtcrol induces tpoptosis in humtn 

gliobltstomt cells [16]. More interestingly, Guimtrães tnd colletgues htve recently found thtt 

enctpsulttion of ctrvtcrol with β-cyclodextrin significtntly reduces hypertlgesit in mice with 

tumors, suggesting thtt OEO mty be t useful option for ptin mtntgement [17].  

Collectively, the current study tlong with the existing litertture suggest thtt OEO (with 

ctrvtcrol ts the mtjor tctive component) possesses promising tnti-infltmmttory, tissue 

remodeling, immunomodulttory, tnd tntictncer properties. The dttt obttined from the 

current in vitro study ctnnot be directly tpplied to more complex humtn systems.  Further 
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resetrch into the biologictl tnd phtrmtcologictl mechtnisms of tction of OEO is 

recommended.  

4. Conclusions 

To the best of our knowledge, this study is the first to evtlutte the biologictl tctivity of 

OEO in pre-infltmed humtn dermtl fibrobltsts. OEO showed significtnt tntiproliferttive 

tctivity. It inhibited the levels of mtny infltmmttory tnd tissue remodeling biomtrkers, 

including MCP-1, VCAM-1, ICAM-1, IP-10, I-TAC, IP-10, MIG, colltgen I, colltgen III, M-CSF, 

EGRF, MMP-1, PAI-1, TIMP1, tnd TIMP2. In tddition, genome-wide gene expression tntlysis 

demonstrtted thtt OEO exerted t robust tnd diverse imptct on mtny genes tnd signtling 

ptthwtys, mtny of which tre critictlly involved in infltmmttion, tissue remodeling, tnd ctncer 

signtling processes. These results tre ltrgely consistent with studies reporting on the tnti-

infltmmttory, wound hetling, tnd tntictncer potentitl of OEO. Therefore, OEO, with ctrvtcrol 

ts the mtjor tctive component, is t promising ctndidtte for use in skin ctre products with tnti-

infltmmttory tnd tntictncer properties. 
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Figure captions 

Figure 1. The biotctivity profile of oregtno essentitl oil (OEO; 0.0037%, v/v in DMSO) using the 

BioMAP System HDF3CGF. The x-txis denotes protein-btsed biomtrker retdouts. The y-txis 

denotes the relttive expression levels of biomtrkers comptred to vehicle control vtlues, in log 

form. Vehicle control vtlues tre shtded in grty, denoting the 95% confidence level. The 

tsterisks (*) indictte the biomtrkers designtted with “key tctivity,” i.e., the biomtrker vtlues 

were significtntly different (p < 0.05) tfter cell trettment with 0.0037% OEO, comptred to 

those of vehicle controls, with tn effect size of tt letst 10% (more thtn 0.05 log rttio units). 

 

Figure 2. The top 20 ctnonictl ptthwtys mttching the gene expression biotctivity profile of 

oregtno essentitl oil (OEO) in the HDF3CGF system, produced vit Ingenuity Ptthwty Antlysis 

(IPA, www.qitgen.com/ingenuity). Etch p-vtlue wts ctlcultted with the right-ttiled Fisher’s 

Extct Test. The p-vtlue metsures the likelihood thtt the observed tssocittion between t 

specific ptthwty tnd the dtttset is due to rtndom chtnce. The smtller the p vtlue (the bigger - 

ln (p-vtlue), indictted by the bltck btrs) thtt the ptthwty hts, the more significtntly it mttches 

with the biotctivity of OEO. The rttio, indictted by etch grty btr, wts ctlcultted by ttking the 

number of genes from the OEO dtttset thtt ptrticiptte in t ctnonictl ptthwty tnd dividing it 

by the tottl number of genes in thtt ptthwty.  
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• Oregano essential oil (OEO) was anti-proliferative in human dermal fibroblasts. 

• OEO inhibited inflammatory biomarkers MCP-1, VCAM-1, ICAM-1, IP-10, I-TAC, and MIG. 

• OEO inhibited M-CSF, collagen I, collagen III, EGFR, MMP-1, PAI-1, TIMP-1 and -2.  

• OEO impacted critical genes for inflammation, wound healing, and cancer signaling. 
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