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Abstract. microRNAs (miRNAs� ���� ���� s�o�� �o ���c-miRNAs� ���� ���� s�o�� �o ���c-
�io� �s prim�ry r�g�l��ors o� � ��ri��y o� �iologic�l proc�ss�s, 
i�cl�di�g proli��r��io�, di���r���i��io� ��d �pop�osis i� ��m�� 
keratinocytes. However, the biological significance of miRNAs 
i� ��� d����s� �g�i�s� oxid��i�� s�r�ss i� k�r��i�ocy��s r�m�i�s 
�o �� �l�cid���d. I� ��is s��dy, �� d�mo�s�r��� ���� orido�i�, 
� di��rp��oid compo��d isol���d �rom Rabdosia rubescens 
�i�� �s���lis��d ���ioxid��� prop�r�i�s, pro��c�s H�C�T ��m�� 
k�r��i�ocy��s �rom oxid��i�� s�r�ss i�d�c�d �y �xpos�r� �o 
�ydrog�� p�roxid� (H2O2�. O�r d��� d�mo�s�r��� ���� lo� 
dos�s o� orido�i� (1-5 µM� pro��c� k�r��i�ocy��s �g�i�s� H2O2-
i�d�c�d �pop�osis i� � co�c���r��io�- ��d �im�-d�p��d��� 
m����r. Mor�o��r, �s s�o�� �y o�r r�s�l�s, orido�i� m�rk�dly 
d�cr��s�d H2O2-i�d�c�d r��c�i�� oxyg�� sp�ci�s prod�c�io� 
i� H�C�T c�lls. Orido�i� m�di���d ���s� ����c�s �y �l��ri�g 
miRNA expression. Bioinformatics analysis identified several 
p����i�� ��rg�� g���s o� ��� di���r���i�lly �xpr�ss�d miRNAs. 
Ass�ssm��� o� ���ir g��� o��ology ���o���io� r����l�d ���� 
���s� ��rg�� g���s �r� lik�ly i��ol��d i� c�ll gro��� ��d i��i�i-
�io� o� �pop�osis. T��s, ��� d��� �rom ��is s��dy �s���lis� � rol� 
�or miRNAs i� m�di��i�g orido�i�-i�d�c�d pro��c�i�� ����c�s 
�g�i�s� oxid��i�� s�r�ss i� ��m�� k�r��i�ocy��s.

Introduction

H�m�� k�r��i�ocy��s compos� ��� o���rmos� l�y�r o� ��� ski�, 
��d �r� ��� pr�domi���� c�lls �o��d i� ��� �pid�rmis. D�� �o ���ir 
loc�liz��io� i� ��� ��m�� �ody, k�r��i�ocy��s �r� co��i��o�sly 
�xpos�d �o ��dog��o�s ��d ���iro�m����l pro-oxid��� �g���s. 
T��r��or�, ��� l���ls o� i��r�c�ll�l�r �ydrog�� p�roxid� (H2O2� 
i�cr��s� i� r�spo�s� �o � ��ri��y o� pro-oxid��� �g���s (�.g., UV 
r�di��io� ��d s��lig���, �r�� io�s li��r���d �rom s�or�g� ��d 
��m�-co���i�i�g pro��i�s (1,2�. Epid�rm�l c�lls ��d k�r��i-
�ocy��s o� �orm�l ski� �r� ��� prim�ry ��rg��s o� pro-oxid��� 
�g���s, ��d ���s �xpr�ss �ig� l���ls o� c�ll�l�r pro��i�s r�l���d 
�o ��� d��oxi�ic��io� o� r��c�i�� oxyg�� sp�ci�s (ROS� (1�. 
These increased levels are implicated in certain inflammatory 
ski� dis��s�s, s�c� �s psori�sis, ��d �r� m�di���d �y oxid��i�� 
s�r�ss (3�. T��r��or�, i�cr��s�d ROS prod�c�io� ��d d���c�s i� 
��� ���ioxid��� sys��m m�y �� i��ol��d i� ��� p���og���sis o� 
k�r��i�ocy��-r�l���d dis��s�s (4�.

R�c���ly, � ��m��r o� s��di�s ���� r�por��d ���� 
microRNAs (miRNAs� pl�y impor���� rol�s i� ��� r�g�l��io� 
o� ���c�io�s o� k�r��i�ocy��s. Bis��s et al (5) first reported 
��� �ssoci��io� ������� miRNAs ��d k�r��i�ocy�� proli�-
�r��io� �y d�mo�s�r��i�g ���� miR-210 ���������s k�r��i�ocy�� 
proli��r��io� �y do��r�g�l��i�g ��� c�ll cycl� r�g�l��ory 
g���, E2F3. Mor�o��r, Y� et al (6� r����l�d ���� miR-205 
promo��s k�r��i�ocy�� migr��io� ��ro�g� ��� do��r�g�l��io� 
o� SH2-co���i�i�g p�osp�oi�osi�id� 5'-p�osp����s� 2 (SHIP2�, 
� lipid p�osp����s� ���� d�p�osp�oryl���s � cri�ic�l c�ll 
s�r�i��l ��c�or, ��rm�d p�osp���idyli�osi�ol 3,4,5-�rip�os-
p���� (PIP3�. F�r���rmor�, Hild��r��d et al (7) identified an 
�ssoci��io� ������� miRNAs ��d k�r��i�ocy�� di���r���i��io� 
by profiling miRNA expression during human keratinocyte 
di���r���i��io�. miRNAs ���� �lso ���� li�k�d �o psori�sis, � 
dis��s� c��r�c��riz�d �y ���orm�l k�r��i�ocy�� proli��r��io�. 
More specifically, miR‑125a and miR‑424 are downregulated 
i� ��� ski� o� p��i���s �i�� psori�sis. T��s� miRNAs mod�l��� 
keratinocyte proliferation by targeting fibroblast growth factor 
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r�c�p�or 2 (FGFR2�, ��d p����i��ly ��rg�� mi�og��-�c�i����d 
pro��i� ki��s� ki��s� 1 (MEK1� ��d cycli� E1 (8,9�. W� 
r�c���ly r�por��d ���� ��� �i�r���d �x�r�c� o� Centella asiatica 
pro��c�s H�C�T k�r��i�ocy��s �rom UVB-i�d�c�d cy�o�oxici�y 
�y �l��ri�g miRNA �xpr�ssio� (10�. D�spi�� ���s� s��di�s 
d�mo�s�r��i�g ���� miRNAs �r� k�y r�g�l��ors i� di��rs� 
�iologic�l proc�ss�s i� ��m�� k�r��i�ocy��s, ��� �ssoci��io� 
������� ROS ��d miRNAs i� ���s� c�lls r�m�i�s ��cl��r.

Orido�i�, � di��rp��oid isol���d �rom Rabdosia rubescens, 
��s ���� s�o�� �o �x�i�i� ���ic��c�r, ���i-micro�i�l, ��d 
anti‑inflammatory properties (11). Although increased ROS 
prod�c�io� ��s ���� implic���d i� ��� ���ic��c�r ����c�s o� 
orido�i� (12,13�, s��di�s ���� r����l�d ���� ��is ����c� do�s �o� 
occ�r i� �orm�l c�lls (14�. I� ��c�, orido�i� ��s ���� s�o�� 
�o �x�r� pro��c�i�� ����c�s �g�i�s� �rs��ic(III�-i�d�c�d oxid�-
�i�� s�r�ss (15�. T��s� d��� i�dic��� ���� ��� orido�i�-m�di���d 
r�g�l��io� o� ROS prod�c�io� ��ri�s �y c�ll �yp�. I� ��� pr�s��� 
s��dy, �� d�mo�s�r��� ���� orido�i� r�d�c�s ROS prod�c�io� 
��d �x�r�s pro��c�i�� ����c�s �g�i�s� H2O2-i�d�c�d d�m�g� i� 
H�C�T k�r��i�ocy��s. F�r���rmor�, �� �s�d miRNA micro-
�rr�y ��d �ioi��orm��ics �ools �o �l�cid��� ��� mol�c�l�r 
m�c���isms ���� m�di��� ���s� pro��c�i�� ����c�s �g�i�s� 
oxid��i�� s�r�ss.

Materials and methods

Cell culture and chemical treatment. Norm�l ��m�� H�C�T 
k�r��i�ocy��s ��r� gro�� i� D�l��cco's modi�i�d E�gl�'s 
m�di�m (DMEM; Gi�co®, Li�� T�c��ologi�s, C�rls��d, CA, 
USA� s�ppl�m����d �i�� 10% ����l �o�i�� s�r�m (FBS; 
Sigm�-Aldric�, S�. Lo�is, MO, USA� ��d ���i�io�ics. Orido�i� 
��d H2O2 ��r� p�rc��s�d �rom Sigm�-Aldric� ��d M�rck 
(D�rms��d�, G�rm��y�, r�sp�c�i��ly. For �oxici�y ��d c�ll 
�i��ili�y �ss�ys, 4x104 H�C�T c�lls p�r ��ll ��r� s��d�d i��o 
96-��ll pl���s ��d 7x105 c�lls ��r� s��d�d i��o 60-mm c�l��r� 
pl���s, r�sp�c�i��ly. Orido�i� ��d H2O2 ��r� dil���d i��o 
DMSO (Sigm�-Aldric�� ��d d�io�iz�d ����r, r�sp�c�i��ly. T�� 
cells were treated with various doses of oridonin and a fixed 
dos� (800 µM� o� H2O2 �or 3-24 �. Propidi�m iodid� (PI� ��d 
Tri�o� X-100 ��r� p�rc��s�d �rom Sigm�-Aldric�.

Cell viability assay. T�� ����c�s o� orido�i� o� ��� gro��� o� 
H�C�T c�lls �r����d �i�� or �i��o�� H2O2 ��r� �ss�ss�d �si�g 
����r-sol��l� ���r�zoli�m s�l� (WST-1� �ss�ys. A���r �r���m���, 
��� H�C�T c�lls ��r� mix�d �i�� 100 µl o� WST-1 sol��io� 
followed by incubation at 37˚C for 1 h. Cell viability was deter-
mi��d ����r m��s�ri�g ��� ��sor���c� �� 450 �m �si�g �� iM�rk 
micropl��� r��d�r (Bio-R�d L��or��ori�s, H�rc�l�s, CA, USA�. 
All r�s�l�s �r� �xpr�ss�d �s ��� m��� p�rc����g� ± s���d�rd 
d��i��io� (SD� o� 3 i�d�p��d��� �xp�rim���s. W��� comp�ri�g 
�r����d ��d ���r����d c�lls, p-��l��s <0.05 �s d���rmi��d �y 
��� S��d���'s �-��s� ��r� co�sid�r�d �o i�dic��� s���is�ic�lly 
significant differences.

ROS scavenging assay. I��r�c�ll�l�r ROS sc����gi�g �ss�ys 
were performed by measuring the fluorescence intensity of 
the 2'7'‑dichlorofluroescein diacetate (DCF‑DA) probe, which 
��s propor�io��l �o ��� �mo��� o� ROS �orm�d. T�� c�lls pr�-
�r����d �i�� ��d �i��o�� orido�i� ��r� i�c�����d �i�� H2O2 �or 
3 � prior �o ��r��s�. T�� c�lls ��r� ���� mix�d �i�� DCF-DA 

solution and incubated at 37˚C for 1 h. Fluorescence inten-
sity was measured using a BD FACSCalibur flow cytometer 
(BD Biosci��c�s, S�� Jos�, CA, USA�.

Analysis of cell death by flow cytometry. C�ll cycl� ��d d���� 
were estimated by assessing the incorporation of the fluores-
c��� dy�, PI. C�lls �r����d �i�� ��d �i��o�� orido�i� ��d/or 
H2O2 ��r� ��r��s��d, r�s�sp��d�d, ��d ���� i�c�����d �i�� 
PI s��i�i�g sol��io� (50 µg/ml PI, 0.5% Tri�o� X-100, ��d 
100 µg/ml RNase) at 37˚C for 1 h. Fluorescence intensity was 
detected using a BD FACSCalibur flow cytometer.

miRNA-based microarray analysis. To��l RNA ��s isol���d 
�si�g TRIzol r��g��� (I��i�rog��, Li�� T�c��ologi�s� �ccordi�g 
�o ��� m�����c��r�r's i�s�r�c�io�s. RNA i���gri�y, co�c��-
�r��io� ��d p�ri�y ��r� �s�im���d �si�g �� Agil��� 2100 
Bio���lyz�r (Agil��� T�c��ologi�s, S���� Cl�r�, CA, USA� 
��d M��s�roN��o (M��s�rog��, L�s V�g�s, NV, USA�. RNA 
s�mpl�s ���� �x�i�i��d A260/280 ��d A260/A230 ��l��s >1.8, �s ��ll 
�s �� RNA i���gri�y ��m��r (RIN� >8.0, ��r� s��j�c��d �o 
micro�rr�y ���lysis, ��ic� ��s p�r�orm�d �si�g S�r�Pri�� G3 
H�m�� V16 miRNA 8x60 K �rr�ys (Agil��� T�c��ologi�s� 
�ccordi�g �o � pr��io�sly d�scri��d pro�ocol (16�. D�ri��d d��� 
��r� ���lyz�d �si�g G���Spri�g GX so����r�, ��rsio� 11.5 
(Agilent Technologies). The raw data were filtered using Flag 
��d �-��s�s. miRNA �xpr�ssio� ��s ���l����d �y �ss�ssi�g 
the fluorescence ratio between 2 samples. Those displaying 
>1.5-�old i�cr��s� or d�cr��s� ��r� s�l�c��d �or ��r���r �ioi�-
�orm��ics ���lysis.

Computational analysis of miRNAs. To i���s�ig��� ��� 
�iologic�l ���c�io�s o� miRNAs ���� �x�i�i��d sig�i�ic��� 
changes in expression, we identified their putative target genes 
�si�g MicroCosm T�rg��s, ��rsio� 5 (���.��i.�c.�k/��rig��-
sr�/microcosm/��docs/��rg��s/�5/�. T�� c�ll�l�r ���c�io�s o� 
��� ��rg�� g���s ��r� ���� d���rmi��d �si�g AmiGO, � G��� 
O��ology (GO�-��s�d ���lysis ��d c���goriz��io� �ool (�migo.
g���o��ology.org/cgi-�i�/�migo/�ro�s�.cgi�.

Results

Oridonin reduces H2O2-induced cytotoxicity in HaCaT cells. 
Prior �o i���s�ig��i�g ��� pro��c�i�� ����c�s o� orido�i� o� 
H2O2‑induced cellular stress, we first determined the dose 
r��g� o� orido�i� ���� c��s�s cy�o�oxici�y i� H�C�T c�lls. 
T�� H�C�T c�lls ��r� �r����d �i�� ��rio�s co�c���r��io�s o� 
orido�i� (1-20 µM� �or 24 �, ��d cy�o�oxici�y ��s �s�im���d 
�si�g ��� WST-1 �ss�y (Fig. 1A�. C�ll �i��ili�y ��s m�i���i��d 
�� dos�s ������� 1 �o 5 µM; �o����r, �ig��r co�c���r��io�s o� 
orido�i� (10 ��d 20 µM� d�cr��s�d H�C�T c�ll �i��ili�y. W� 
�lso d���rmi��d ���� H�C�T c�ll �i��ili�y d�cr��s�d �ollo�i�g 
�r���m��� �i�� H2O2 i� � dos�-d�p��d��� m����r (Fig. 1B�. 
As �� ��r� co�c�r��d ��o�� ��� com�i��d ����c�s o� H2O2 
��d orido�i� o� H�C�T cy�o�oxici�y, ��� c�lls ��r� pr�-�r����d 
�i�� ��rio�s dos�s o� orido�i� �or di���r��� p�riods o� �im� 
prior �o ��� i�d�c�io� o� oxid��i�� s�r�ss �i�� H2O2. C�ll 
�i��ili�y ��s ���lyz�d �si�g ��� WST-1 �ss�y. S�rprisi�gly, 
��� orido�i�-pr�-�r����d H�C�T c�lls �x�i�i��d � m�rk�d 
r�sis���c� �o H2O2-m�di���d cy�o�oxici�y (Fig. 1C-F�. I� ��c�, 
��is ����c� i�cr��s�d i� � co�c���r��io� ��d �im�-d�p��d��� 
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m����r, s�gg�s�i�g ���� orido�i� �x�r�s � pro��c�i�� ����c� 
�g�i�s� H2O2-i�d�c�d oxid��i�� s�r�ss i� H�C�T c�lls.

H2O2-induced HaCaT cell death is reduced following 
treatment with oridonin. W� s��s�q����ly i���s�ig���d ��� 
�iologic�l m�c���isms i��ol��d i� ��� pro��c�i�� ����c�s o� 
orido�i� �g�i�s� H2O2-i�d�c�d oxid��i�� s�r�ss. C���g�s i� 
c�ll �i��ili�y c�� �� p�ysiologic�lly r�l���d �o c�ll cycl� �rr�s� 
��d c�ll d����. T��r��or�, �� �x�mi��d c�ll cycl� progr�ssio� 

by PI staining and flow cytometry. The HaCaT cells treated as 
indicated in Fig. 2 were collected, fixed, stained with PI solu-
tion, and subsequently analyzed by flow cytometry. Our data 
d�mo�s�r���d ���� ��� dis�ri���io� o� c�lls �cross ��� ��rio�s 
s��g�s o� ��� c�ll cycl� ��s simil�r ������� ��� orido�i�-
treated and the control (DMSO‑treated) cells, confirming that 
�r���m��� �i�� 5 µM orido�i� ��s �o�-cy�o�oxic (Fig. 2A 
��d B�. By co��r�s�, ��� p�rc����g� o� c�lls i� ��� s��-G1 p��s� 
��s m�c� �ig��r i� ��� H2O2-�r����d H�C�T c�lls comp�r�d 

Fig�r� 1. A��lysis o� cy�o�oxic ��d pro��c�i�� ����c�s o� orido�i� �g�i�s� �ydrog�� p�roxid� (H2O2�-i�d�c�d oxid��i�� s�r�ss i� H�C�T k�r��i�ocy��s. (A� Cy�o�oxici�y 
�ss�y �or orido�i�. H�C�T c�lls ��r� s��d�d i� 96-��ll pl���s ��d ���� �r����d �i�� ��� i�dic���d co�c���r��io�s o� orido�i� �or 24 �. (B� Cy�o�oxici�y �ss�y �or 
�ydrog�� p�roxid� (H2O2�. H�C�T c�lls ��r� s��d�d i� 96-��ll pl���s ��d ���� �r����d �i�� 800 µM H2O2 �or 24 �. (C-F� Pro��c�i�� ����c�s o� orido�i� �g�i�s� 
H2O2-i�d�c�d cy�o�oxici�y. H�C�T c�lls ��r� pr�-�r����d �i�� DMSO (co��rol� or orido�i� �or (C� 3 �, (D� 6 �, (E� 12 � ��d (F� 24 �. A���r pr�-�r���m���, c�ll 
�i��ili�y ��s d���rmi��d �si�g ��� WST-1 �ss�y. All r�s�l�s �r� r�pr�s�����i�� o� 3 i�d�p��d��� �xp�rim���s (m���s ± SD�. T�� S��d���'s �-��s� ��s p�r�orm�d 
to determine statistical significance (*p<0.05�.
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�i�� ��� ���r����d ��d orido�i�-�r����d c�lls (Fig. 2C�. 
N���r���l�ss, ��is i�cr��s� ��s �o� o�s�r��d i� ��� H�C�T 
c�lls pr�-�r����d �i�� orido�i� prior �o ��� i�d�c�io� o� oxid�-
�i�� s�r�ss (Fig. 2D�. T��s� r�s�l�s s�gg�s� ���� �r���m��� �i�� 
orido�i� m�i���i�s c�ll �i��ili�y �y r�d�ci�g H�C�T c�ll d���� 
i� H2O2-i�d�c�d oxid��i�� s�r�ss.

Treatment with oridonin decreases H2O2-induced ROS 
production. H2O2 is ��ll �s���lis��d �s � s�ro�g i�d�c�r o� 
ROS, ��ic�, i� pr�s��� �� �ig� l���ls, promo�� c�ll d����. 
Si�c� orido�i� is � di��rp��oid compo��d, ��d som� di��r-
p��oid compo��ds ���� ���� s�o�� �o ���� ���ioxid��� 
prop�r�i�s, �� �x�mi��d ��� possi�ili�y ���� orido�i� �c�s �s 
� ROS sc����g�r. H�C�T c�lls gro�� i� orido�i�-co���i�i�g 
m�di�m ��r� �r����d �i�� H2O2 �or 3 �. Follo�i�g �xpos�r� 
�o H2O2, ��� c�lls ��r� s��i��d �i�� DCF-DA sol��io� ��d ��� 
levels of ROS were then analyzed by flow cytometry. Unlike 
�r���m��� �i�� H2O2, oridonin alone did not induce significant 
ROS prod�c�io� i� ��� H�C�T c�lls (Fig. 3A ��d C�. O� �o��, 
o�r r�s�l�s d�mo�s�r���d ���� ��� i�cr��s�d ROS prod�c�io� 
i�d�c�d �y H2O2 ��s r�d�c�d �o ��� l���ls o� ��� co��rols 
�ollo�i�g �r���m��� �i�� orido�i� (Fig. 3D�, i�dic��i�g ���� 
orido�i� ��s � sc����gi�g ����c� o� ROS prod�c�d i� r�spo�s� 
�o H2O2 i� H�C�T c�lls.

Oridonin alters miRNA expression profiles in H2O2-treated 
HaCaT cells. Si�c� miRNAs ���� ���� r�por��d �o r�g�l��� 
�lmos� ���ry �iologic�l proc�ss, i�cl�di�g d���lopm���, 
di���r���i��io�, proli��r��io� ��d �pop�osis (17-19�, �� so�g�� 
�o d���rmi�� ��� ����c�s o� orido�i� o� miRNA �xpr�ssio� i� 
H�C�T c�lls �r����d �i�� H2O2 �or 24 �. A �o��l o� 21 miRNAs 
��r� di���r���i�lly �xpr�ss�d �ollo�i�g �r���m��� �i�� orido�i� 

(Fig. 4 and Table I). More specifically, 6 miRNAs were upregu-
l���d ��il� 15 miRNAs ��r� do��r�g�l���d. T��s� r�s�l�s 
i�dic��� ����, �l��o�g� ��� m�jori�y o� miRNAs did �o� �x�i�i� 
sig�i�ic��� c���g�s i� �xpr�ssio�, �r���m��� �i�� orido�i� 
s�ill ����c��d ��� miRNA �xpr�ssio� l���ls i� ��� H�C�T c�lls 
�xpos�d �o H2O2.

Bioinformatics analysis of miRNAs affected by treatment 
with oridonin. T�� miRNAs ���� �x�i�i��d �l��r�d �xpr�ssio� 
l���ls �ollo�i�g �r���m��� �i�� orido�i� �r� lik�ly i��ol��d 
i� ��� ��� c�ll�l�r m�c���isms r�spo�si�l� �or ��� pro��c�i�� 
����c�s o� orido�i� �g�i�s� H2O2-i�d�c�d oxid��i�� s�r�ss i� 
H�C�T c�lls. T��r��or�, �� �s�d ��� miR��s� T�rg�� D�����s� 
�ool, MicroCosm, �o id���i�y ��� p����i�� ��rg�� g���s o� ���s� 
miRNAs. W� ���� d���rmi��d ��� �iologic�l ���c�io�s �sso-
ci���d �i�� ��� ��rg�� g���s �y GO ���lysis �si�g AmiGO. 
Fi��lly, ��� ��rg�� g���s ��r� gro�p�d �ccordi�g �o �iologic�l 
proc�ss�s. O�r d��� d�mo�s�r���d ���� ��� ��rg�� g���s o� ��� 
di���r���i�lly �xpr�ss�d miRNAs co�ld �� c���goriz�d i��o 
4 gro�ps, ��m�ly �gi�g, ski� d���lopm���, �pop�osis ��d c�ll 
proli��r��io� (T��l�s II ��d III�.

T�� GO ��rms co���i��d �i-dir�c�io��l proc�ss�s �or ��c� 
��rm. For �x�mpl�, ‘�pop�osis’ i�cl�d�d �o�� ���i-�pop�o�ic ��d 
pro-�pop�o�ic proc�ss�s. T��r��or�, �� ��r���r c���goriz�d ��� 
��rg�� g���s i��o s��s��s o� GO ��rms, s�c� �s ���i-�pop�osis 
��d posi�i�� or ��g��i�� r�g�l��io� o� ��� c�ll cycl�, c�ll gro��� 
��d c�ll proli��r��io� (Fig. 5�. A gr����r ��m��r o� ��rg�� g���s 
o� ��� �pr�g�l���d miRNAs ��s �ssoci���d �i�� ��� ��g��i�� 
r�g�l��io� o� ��� c�ll cycl�, gro��� ��d proli��r��io� ���� �i�� 
��� posi�i�� r�g�l��io� o� ���s� proc�ss�s. Co���rs�ly, ��� ��rg�� 
g���s o� ��� do��r�g�l���d miRNAs ��r� mor� �i�s�d �o��rds 
���i-�pop�osis ��d posi�i�� r�g�l��io� o� ��� c�ll cycl�, gro��� 

Figure 2. Analysis of cell cycle distribution by flow cytometry. HaCaT cells were seeded and then treated with DMSO or oridonin for 24 h prior to the addition of 
�ydrog�� p�roxid� (H2O2). After 24 h of incubation, the cells were stained with propidium iodide (PI) solution and then analyzed by flow cytometry. (A) Control 
c�lls; (B� orido�i�-�r����d c�lls; (C� H2O2-�r����d c�lls; ��d (D� c�lls pr�-�r����d �i�� orido�i� ��d ���� �r����d �i�� H2O2. A� �s��risk d��o��s ���� M1 is ��� 
s��-G1 r��io.
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��d proli��r��io�. T��s� r�s�l�s s�gg�s� ���� ��� �pr�g�l���d 
miRNAs m�y po����i�lly ��rg�� g���s i��ol��d i� c�ll d����, 
���r��s ��� do��r�g�l���d miRNAs m�y r�g�l��� g���s cri�-
ic�l �or c�ll s�r�i��l. F�r���r c���goriz��io� o� ��� ��rg�� g���s 
d�mo�s�r���d ���� ��� �pr�g�l���d miRNAs m�y �� li�k�d �o 
��� posi�i�� r�g�l��io� o� p53 p�����ys ��d ��� �c�i���io� o� 
MAPKK �c�i�i�y, ��il� ��os� ��rg���d �y ��� do��r�g�l���d 
miRNAs �r� �ssoci���d �i�� ���ioxid��� �c�i�i�y ��d ��� posi-
�i�� r�g�l��io� o� DNA r�p�ir (Fig. 6�. Coll�c�i��ly, ���s� r�s�l�s 
s�gg�s� ���� ��� orido�i�-m�di���d pro��c�i�� ����c�s �g�i�s� 
H2O2-i�d�c�d d�m�g� i� H�C�T c�lls i��ol�� c���g�s i� ��� 
expression of specific miRNAs that regulate cell proliferation 
��d �pop�osis.

Discussion

I� ��is s��dy, �� d�mo�s�r��� ���� ��� pro��c�i�� ����c�s o� 
orido�i� �g�i�s� H2O2-i�d�c�d d�m�g� i� H�C�T ��m�� k�r�-
�i�ocy��s occ�rs ��ro�g� ��� r�g�l��io� o� miRNA �xpr�ssio�. 
Orido�i�, � di��rp��oid isol���d �rom Rabdosia rubescens, 
r�por��dly �x�i�i�s ���ic��c�r ����c�s (11�. Al��o�g� som� 
��rp��oid compo��ds �r� �s�d �s ���ioxid���s (20�, ��is 
property has yet to be confirmed for oridonin. Depending on 
��� dos�g�, ��is compo��d i�d�c�s �i���c�io��l ����c�s. As 
previoiusly demonstrated, high doses (≥10 µM) induce apop-
�osis i� s���r�l c��c�r c�ll �yp�s (11,13,21�, ��il� lo� dos�s 
(≤5 µM) protect against arsenic(III)‑induced cytotoxicity in 

Fig�r� 4. Micro�rr�y ���lysis o� miRNA �xpr�ssio�. (A� H�C�T c�lls ��r� pr�-�r����d �i�� orido�i� prior �o ��� �ddi�io� o� �ydrog�� p�roxid� (H2O2�. T�� c�lls 
were harvested and total RNA was purified. The RNA was labeled with cyanine 3‑pCp, and then hybridized to miRNA microarrays. miRNA expression profiles 
��r� ���lyz�d �si�g Agil��� G���Spri�g GX so����r�. Upr�g�l���d (l��� p���l� ��d do��r�g�l���d (rig�� p���l� miRNAs �r� lis��d i� (A� ��d gr�p��d i� (B�. 

Figure 3. Analysis of intracellular reactive oxygen species (ROS) levels using the 2'7'‑dichlorofluroescein diacetate (DCF‑DA) assay. HaCaT cells were pre‑
�r����d �i�� DMSO or orido�i� ��d ���� oxid��i�� s�r�ss ��s i�d�c�d �y �r���m��� �i�� �ydrog�� p�roxid� (H2O2�. T�� c�lls ��r� coll�c��d, s��i��d �i�� 
DCF‑DA solution, and then the levels of intracellular ROS were analyzed by flow cytometry. (A) Control cells; (B) oridonin‑treated cells; (C) H2O2-�r����d c�lls; 
��d (D� c�lls pr�-�r����d �i�� orido�i� ��d ���� �r����d �i�� H2O2. 
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T��l� I. miRNAs ��os� �xpr�ssio� ��s �l��r�d �ollo�i�g �r���m��� �i�� orido�i� i� H2O2-�xpos�d H�C�T c�lls.

miRNA� FC C�romosom� miRNA FC C�romosom�

�s�-miR-1246 -3.58 C�r2 �s�-miR-572 -1.90 C�r4
�s�-miR-1268 -1.58 C�r15 �s�-miR-575 -2.01 C�r4
�s�-miR-1290 -2.49 C�r1 �s�-miR-630 -2.29 C�r15
�s�-miR-135�-3p -1.87 C�r3 �s�-miR-642�-3p -1.68 C�r19
�s�-miR-181�-5p -2.96 C�r1 �s�-miR-1305 1.59 C�r4
�s�-miR-1973 -1.51 C�r4 �s�-miR-152 2.13 C�r17
�s�-miR-210 -4.30 C�r11 �s�-miR-182-5p 2.87 C�r7
�s�-miR-30c-5p -2.76 C�r1 �s�-miR-29�-3p 1.65 C�r1
�s�-miR-30�-5p -1.53 C�r1 �s�-miR-4298 1.51 C�r11
�s�-miR-3162-5p -1.57 C�r11 �s�-miR-939-5p 1.94 C�r8
�s�-miR-4299 -1.55 C�r11

�T�� lis� s�o�s miRNAs ���� �x�i�i��d >1.5-�old c���g� i� �xpr�ssio� ����r Fl�g sor�i�g. FC, �old c���g�.

T��l� II. Pr�dic��d ��rg��s o� miRNAs ��ic� ��r� �pr�g�l���d i� r�spo�s� �o �r���m��� �i�� orido�i� i� H2O2-�xpos�d H�C�T c�lls.

 T�rg�� g���s ��d ���c�io�s
 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ski�
miRNA Agi�g d���lopm��� Apop�osis C�ll proli��r��io�

�s�-miR-29�-3p AURKB, FOS,  ABCB6, FRAS1, AURKB, BIRC2, NOTCH1, AURKB, BIRC2, NOTCH1, 
 CNR1, BAK1,  COL5A1, AKAP13, HMGB1, DIABLO, ABI1, GAB1, ARNT, NASP,
 LOXL2, NUAK1,  COL1A1, MAP2K4, TIAM1, ZNF336, RXRB, STAT3, CDC7,
 ATP5G3 COL5A3 BAK1, CNR1, MCL1, ISL1 CO80, AKT2, VEGFA
�s�-miR-182-5p BCL2, RTN4,  APC, TFAP2B BCL2, TWIST1, APC, RARG, BCL2, TWIST1, NOX4,
 TWIST1, MET,  TOPORS, HDAC2, ARHGEF2, RBM5, BIRC5, RARG,
 NOX4, AQP2,  BAG1, CASP9, MLL, ROCK1, WNT5A, ADK, CDK3,
 NUAK1   PDCD7, CREB1, RASSF6, SMAD1, FIGF, 
    MAPK9, SORT1, MEF2C, NUM, NRAS
   GLI2, AQP2
�s�-miR-152 MNT, BRCA2, PTGES3, MNT, TP53, WNT1, BRCA2, CDK1B, E2F1, 
 TP53, WNT1, ERRFI1 JAG2, ADAM17, BCL2L11, ERBB3, JAG2,
 MAP2K1, SCAP,  RTN3, SEMA3A, DEDD2, FGF1, FOXF1,
 CNR1  C1D, PDIA3, SIX4, TRIM39, IRS1, CDON
   USP7, BAG3, E2F1, CNR1
�s�-miR-939-5p CDKN1A, HRAS,  SRF, NGFR, CDKN1A, HRAS, CALR, CLU,  HRAS, RXRA, CLU, ERBB4, 
 RARA, SIN3A, EDA, TCF7L1, SAMD3, MSX1, TCF7, TNF, VDR, CDKN1A, SRF,  
 TBX2, ICAM1, JUP, SUFU, CUL1, HDAC6, DFFA, IF16, TCF7, CREB3, VAX1, 
 GRB2, HTT, COL1A1 DUSP2, E2F2, MCF2L, RHOB, WDR6, OSR2, EDN2, 
 BAK1  SPDEF, IRAK1, USP47, AXL, IGF2, FOXO4, BAI1,
   ZMAT, BNIP2, TRAF1, PAX8 TSC1, OSMR, IGF1R
�s�-miR-1305 CTGF, JUN, ITGA2, CDSN, JUN, FOXC1, FOXO1, HIF1A, JUN, WNT16, LEF1, 
 NEK6, MSH2, ATP7A, STS, NEK6, MSH2, YAP1, DICER1, FGFR2, HIF1A, MDM4, 
 ACAN, FAS, LEF1, PSEN1, BMI1, CD24, PDCD6IP, NET1, USP28, RB1, BMI1, 
 SERP1, CAT, COL1A2, PSMD5, SIRT1, PTEN, ATM, STA1, CDK7, JAG1,
 FADS1, EDN1, TCF7L2, IL6R, MDM4, SGK6, MAGI3, ERG, FKTN, ATF3,
 MAPKAPK5, COL3A1, GLO1, LEF1, RB1, HOXA13, CCNB1, BIRC6, LIFR,
 SIRT1, ATM, COL5A2, NF1, PAK2, DNAJC10, PECR, BCL6, PI3KR1, DICER1, 
 NR3C1, PTEN, TFAP2C, MAP2K, IFG1, ROBO1, SGK3, IGF1, ID4, ROBO1, 
 CDK6 BCL11B MITF, EDN1 SGK3, MITF, KRAS
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T��l� III. Pr�dic��d ��rg��s o� miRNAs ��ic� ��r� do��r�g�l���d i� r�spo�s� �o �r���m��� �i�� orido�i� i� H2O2-�xpos�d 
H�C�T c�lls.

 F��c�io�s o� ��rg�� g���s
 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ski�
miRNA Agi�g d���lopm��� Apop�osis C�ll proli��r��io�

�s�-miR-30c-5p EDNRA, CAT, BCL11B, EDNRA, CAT, BCL11B, VAV3, EDNRA, CAT, BCL11B, IRS1,
 LIMS1, CISD2, PDGFA, TRIM32, FRZB, GCG, AR, VAV3, TRIM32, FRZB, GCG,
 MNT, SIRT1, OVOL1 JAG2, BCL6, HIP1, SON, CDCA7, LRRK2, BIRC6, ERG,
 TIMP3, UCP3,  TIA1, CARD14, ARHGEF6, AR, JAG2, BCL6, PRG4, VIP,
 SLC6A3  SIRT1, TCTN3, ITSN1,  NOX1, MTBP, AREG, PELO,
   BEX2, MNT, MLL BNC1, TSC1, ERG, PDGFA,
    RUNX1, NFIB, LIFR, MAGI2
�s�-miR-181�-5p AGT, NR3C1, STS CTNNA1, TGFBR1, PDCD4, AGT, NR3C1, TGFBR1, STS,
 CNR1, MET,   HEY2, SGK3, GATA6, IFNG MORC3, MET, WNT16, ID4,
 HCN2, SMC6,   TNF, SOX7, KRIT1, DUSP6, VACM1, HEY2, SGK3, NBN,
 PDCD4, VCAM1  AKT2, MAGI3, ARF6, PDCD2, TNF, SOX7, CDKN3, CREB3,
   RAD21, SORT1, MAP2K4 EREG, FGF7, MMP7, PKD2,
    APPL2, TGFBI, CDC73, ARTN
�s�-miR-210 INPP5D, - INPP5D, SIN3A, RUNX3, INPP5D, ASCL1, RUNX3,
 SIN3A, TFRC  CCKBR, AIFM3, DLX1, BTK CCKBR, TRIB1, DEAF1,
    CSF1, NPPC, FGFRL1, PROK1
�s�-miR-572 NOX4, FZR1,  - PIK3R1, BFAR, UACA,  NOX4, PIK3R1, CCNB1, CTH, 
  ATM   BAG1, ATM BMPER, FZR1, ATM, CDH13
�s�-miR-575 IL6, VDR, COL5A2, IL6, VDR, MAPK14, HDAC2, IL6, VDR, DLC1, HGF, HIF1A, 
 MAPK14, FAS, ITGA2, TP63 HIF1A, JAK3, MDM2, BID, PURA, OVOL2, WARS, PTEN, 
 IL15, PTEN,   AKAKP13, BCL2L1, VEGFB, JAK3, MDM2, HDAC2, TP63, 
 TP63, EDN1  CD40, DAPK3, MCL1, FXR1, USP28, CD40, VSIG4, COMT, 
   CASP3, PTEN, TP63, EDN1 BCL2L1, DBN1, FGF1, 
    NKX2-8, FOXA3, MMP14, 
    PDFGB EVI5, DISC1, BRCA1, 
    FGFR2, VEGFB
�s�-miR-630 SOD2, SOCS, - SOD2, YAP1, FOXO1, PAX3, SOD2, YAP1, FOXO1, TOB2,
 HMGCR, CANX,  CYLD, DOCK1, GHR, MPO, TDGF1, SMAD2, PID1, KLF5, 
 SLC1A2, MME  MKNK2, APAF1, TGFBR2,  FZD6, PAWR, XIAP, TGFBR2
   MEF2D, RAC1, PAK7, DDIT4, CDON, MMP12, FYN, SAV1
   ETS1, XIAP, IL7, NOTCH2 SOCS2, NOTCH2, 
    RASGRF1, FRS2
�s�-miR-1290 NUP62, DLD, DHCR24, NUP62, FOXC1, EGFR, LRP6, NUP62, TWIST, HTR2A, IGF1,
 TGFB3, CDK6, COL5A1, JUP,  SMAD3, NUAK2, NOTCH1, DHCR24, TGFB3, TNFRSF9,
 TWIST1, GSN, SUFU, DSP, MEF2C, BMP4, RNF144B, SMAD3, MAP2K1, EGFR, F3,
 SOCS3, BCL2, ERRFI1 RRN3, CUL4A, PTK2, RALB, MEF2C, PRNP, PTK2, NRAS,
 NUAK1, FADS1,  ATG5, MAP3K5, MAP2K7, TRIM24, CHUK, DLG3, DPT,
 MAP2K1  SOX9, ACTC1, TCHP, GDNF EMP2, ANG, INSR, NOTCH3,
   SIX4, STK24, BTG2, SOCS3, IRF2, ATF3, IRAK4, FBXW7,
   MAP3K1, BCL2, IGF1R TIPIN, NR2F2, CER1, ERBB4,
    BECN1, MAFG, CUL5, KRAS,
    MDM4, IRS2, ROBO1, CDK6
�s�-miR-1246 PRKCQ, CTSC, EDA PRKCQ, CTSC, ESR2, HIPK2, PRKCQ, ESR2, PRKCA, BTC,
 PRELP  CAV1, DIDO1, PEG3, SART1 WT1, CAV1, CGRRF1, DKC1, 
    MYO16, SESN1, ING1, PCM1,
    PRL, ACE2, WNT2B, POLA1
�s�-miR-1268 DBH, TERF1, DDR1, TGM3 DBH, TERF1, E2F1, CARD10, DBH, NES, E2F1, TBX5, FTO,
 CDKN2A  PAX2, MAPK1, SFRP4, PAX8, ICMT, RASGRP4, PGR, EGR4,
   TBX5, TRIO, TNS4, BCL2L15, CXCL10, TRIM27, TGFB1I1,
   E2F2, CARD8, NOL3 MITF, BNIPL, PAX2, MAPK1, 
    CDKN2A, IGFBR3, EIF5A2
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URO�s� c�lls (15�. Co�sis���� �i�� ���s� s��di�s, �� �o��d ���� 
cy�o�oxici�y d�� �o �r���m��� �i�� orido�i� o�ly occ�rs �� �ig� 
co�c���r��io�s (>5 µM�. No���ly, �� �o�-cy�o�oxic co�c���r�-
�io�s, orido�i� i�d�c�d � pro��c�i�� ����c� o� H2O2-i�d�c�d 
cell death in HaCaT cells. In addition, DCF‑based fluorimetric 
�ss�y r����l�d ���� lo� dos�s o� orido�i� �c� �s � sc����g�r o� 
ROS d�ri�g H2O2-i�d�c�d oxid��i�� s�r�ss. O�r d��� s�gg�s� 
���� orido�i� �x�r�s ���s� ����c�s �y �l��ri�g miRNA �xpr�s-
sion profiles. Bioinformatics analysis of the putative target 
g���s o� ��� miRNAs r����l�d ���� ��� di���r���i�lly �xpr�ss�d 
miRNAs m�y po����i�lly �� i��ol��d i� ��� ���i-�pop�o�ic ��d 
���ioxid��� ����c�s i�d�c�d �y orido�i� i� H�C�T c�lls.

O�r miRNA micro�rr�y ��d �ioi��orm��ics ���lysis 
i�dic���d ���� ��� p����i�� ��rg�� g���s o� ��� do��r�g�l���d 
miRNAs m�y �� i��ol��d i� ���ioxid��� proc�ss�s ��d ��� ��g�-
�i�� r�g�l��io� o� c�ll proli��r��io�. O� �o��, miR-210 �xpr�ssio� 

��s m�rk�dly d�cr��s�d �y orido�i� i� ��� H2O2-�r����d 
H�C�T c�lls (T��l� I�. T�is miRNA ��s ���� r�por��d �o 
i�cr��s� ROS �orm��io� i� r�spo�s� �o �ypoxi� ��d �o ��rg�� 
��� iro�-s�l��r cl�s��r pro��i�, ISCU, i� MCF-7 ��d HCT116 
c��c�r c�lls (22,23�. Mor�o��r, miR-210 is ��� pr�domi���� 
miRNA �c�i����d ��d�r �ypoxic co�di�io�s i� ��rio�s c��c�r 
�yp�s, ��d i�s �xpr�ssio� is �pr�g�l���d �y �ypoxi�-i�d�ci�l� 
��c�or (HIF�-1α (24�. Hypoxi�-i�d�c�d miR-210 �xpr�ssio� 
��s ���� s�o�� �o ��������� k�r��i�ocy�� proli��r��io� �y 
do��r�g�l��i�g ��� c�ll cycl� r�g�l��ory pro��i�, E2F3 (5�. 
T�k�� �og����r, ���s� d��� s�ro�gly s�gg�s� ���� miR-210 is �� 
impor���� miRNA i� ROS-m�di���d c�ll�l�r proc�ss�s; ���s, 
��� r�g�l��io� o� i�s �xpr�ssio� is � m�jor s�r���gy i� ���ioxid�-
�i�� d����s� m�c���isms i� k�r��i�ocy��s.

O�r i���s�ig��io� �lso r����l�d ���� miR-1246 ��d 
miR-181�-5p (�lso k�o�� �s miR-181�� �xpr�ssio� ��s do��-
r�g�l���d �ollo�i�g �r���m��� �i�� orido�i� i� H2O2-�r����d 
HaCaT cells. Recent studies identified miR‑1246 as a novel 
��rg�� o� p53, p63 ��d p73 (25�, o� ��ic� p53 ��d p63 �r� 
impor���� r�g�l��ors o� k�r��i�ocy�� proli��r��io� ��d di���r��-
�i��io� (26,27�. miR-181� �xpr�ssio� is i�d�c�d d�ri�g ��m�� 
k�r��i�ocy�� di���r���i��io� (7�. A�o���r s��dy d�mo�s�r���d 
���� ��� o��r�xpr�ssio� o� miR-181� i�d�c�s cispl��i�-m�di���d 
�pop�osis �y ��rg��i�g B-c�ll lymp�om� 2 (BCL2� mRNA (28�. 
Mor�o��r, miR-181 �xpr�ssio� ��s ���� �o��d �o �� �pr�g�l���d 
i� ��� �r�i� �iss�� o� p��i���s �i�� Alz��im�r's dis��s�, ��ic� 
��s ���� li�k�d �o ROS-m�di���d oxid��i�� s�r�ss (29,30�. 
Coll�c�i��ly, ���s� d���, �s ��ll �s o�rs i�dic��� ���� miR-1246 
��d miR-181 �r� impor���� ��rg��s i��ol��d i� ��� r�g�l��io� o� 
ROS-m�di���d oxid��i�� s�r�ss i� k�r��i�ocy��s.

T�� �r���m��� o� H�C�T c�lls �xpos�d �o H2O2 �i�� orido�i� 
�lso i�d�c�d �� i�cr��s� i� miRNA �xpr�ssio�. T�� �xpr�s-
sion of miR‑182‑5p (also known as miR‑182) was significantly 
�pr�g�l���d i� o�r sys��m, ��d ��s pr�dic��d �o ���c�io� i� 
���i-�pop�o�ic proc�ss�s. I�d��d, pr��io�sly p��lis��d s��di�s 
���� d�mo�s�r���d � rol� o� miR-182-5p i� ���i-�pop�osis. 
miR-182-5p �����c�s m�l��om� o�cog��ic �����ior ��d 
r�d�c�s �pop�osis �y ��rg��i�g ��� ��mor s�ppr�ssor g���s, 

Fig�r� 5. G��� O��ology ���lysis o� pr�dic��d ��rg�� g���s o� miRNAs di���r���i�lly �xpr�ss�d i� r�spo�s� �o �r���m��� �i�� orido�i�.

Fig�r� 6. Mol�c�l�r ���c�io�s o� pr�dic��d ��rg�� g���s o� miRNAs di���r-
���i�lly �xpr�ss�d i� r�spo�s� �o orido�i�, ��s�d o� G��� O��ology ���lysis. 
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�ork���d ��c�or O3 (FOXO3� ��d microp����lmi�-�ssoci���d 
�r��scrip�io� ��c�or-M (MITF-M� (31�. I� �ddi�io�, ��� o��r-
�xpr�ssio� o� miR-182-5p ��s ���� s�o�� �o i�d�c� pros���� 
c��c�r progr�ssio� �y ��rg��i�g ��� ��mor s�ppr�ssor g���s 
�ork���d �ox F2 (FOXF2�, r���rsio�-i�d�ci�g cys��i��-ric� 
pro��i� �i�� K�z�l mo�i�s (RECK� ��d m���s��sis s�ppr�ssor 1 
(MTSS1� (32�. F�r���rmor�, miR-182-5p o��r�xpr�ssio� ��s 
���� s�o�� �o m�rk�dly i�d�c� ��morig���sis ��d �o r�d�c� 
io�izi�g r�di��io� (IR�-m�di���d �pop�osis i� o��ri�� c��c�r 
c�lls (33�. Simil�r �o ���s� s��di�s, �� o�s�r��d ���� miR-182-5p 
expression was significantly higher in the oridonin‑pre‑treated 
H2O2-�xpos�d H�C�T c�lls comp�r�d �i�� ��� co��rol c�lls 
�r����d o�ly �i�� H2O2. T��r��or�, o�r r�s�l�s i�dic��� ���� 
��� orido�i�-m�di���d �pr�g�l��io� o� miR-182-5p �xpr�ssio� 
�����c�s c�ll gro���- ��d ���i-�pop�osis-r�l���d ���c�io�s, 
���s �x�r�i�g pro��c�i�� ����c�s �g�i�s� oxid��i�� s�r�ss ��d 
c�ll d���� i�d�c�d �y H2O2 i� H�C�T c�lls.

I� ��is s��dy, �� pro�id� ��id��c� o� ��� po����i�l rol� o� 
miRNAs i� orido�i�-m�di���d ���i-�pop�osis i� r�spo�s� �o 
H2O2-i�d�c�d oxid��i�� s�r�ss i� H�C�T ��m�� k�r��i�ocy��s. 
Al��o�g� ��r���r r�s��rc� is r�q�ir�d �o ��ri�y ��� �iologic�l 
significance of these changes in miRNA expression, as well as 
��� ��rg�� g���s o� ���s� miRNAs, o�r s��dy pro�id�s � m���-
i�g��l li�k ������� orido�i�-i�d�c�d ���ioxid��i�� d����s� 
m�c���ims ��d ��� r�g�l��io� o� miRNA �xpr�ssio� i� ��m�� 
k�r��i�ocy��s.
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