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Abstract

In this study, the components of microwave-assisted extracts obtained from Thuja orientalis leaves were analyzed, and the
cytotoxicity, antibacterial and antiviral activities were evaluated. The predominant components from microwave-assisted ex-
traction were catechin, leucopelargonidin, arecatannin, quinolone, and kaempferol derivatives, which are classified in the fla-
vonoid and tannin groups. We observed that the 0.11 mg/mL of extract concentration did not show cytotoxicity in HaCaT
cells. The antibacterial activities were tested according to the guidelines of methods for determining the bactericidal activity
of antimicrobial agents. The extracts showed 99.9% antibacterial efficiency against gram-positive S. aureus, while the anti-
bacterial effect on gram-negative E. coli was insignificant. When the extract concentration and contact time with bacteria were
increased, 99.9% antibacterial efficiency was observed for E. coli as well as S. aureus. Following the standard to assess the
activity of microbicides against viruses in suspension (ASTM-E1052-20), the antiviral efficiency was more than 99.99% for
influenza A (HIN1) and SARS-CoV-2. These results suggest its potential use in antiviral disinfectants, surface coatings, per-
sonal protective equipment, and textiles.
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A 2N FEeAI7) T 533 % 577 (Perkin Elmer Multimode Plate
Reader Victor X5, Perkin Elmer, Waltham, MA, USA)E ©]&-3] 450
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TCIDsymL®|™ SARS-CoV-2 Hlo]#| A% 178 x 10° TCIDsymL F%
2 AF3Ick S ol &9 4.5 mLe} vlo]E A 0.5 mLE 9:1
o] HlER EFsto] Ad2eA 2417 FoF WA OH, vzl
PBS &g v 0% HlolE At £t HEE- o] % Wkl
10% FBS Z3AIE #7isto] Aol si 52k & &, 100] %02
s|Mste] gadls Azl AEFAF A volg A Aol
MDCK (Madin-Darby Canine Kidney) <Al3Eol ZFAIZOH,
SARS-CoV-2 HEe]#] 28] -9 51445 Vero-E6 <A A
Ak AE MEE 37 °C Y 5% olatslha 2719 Al w7
2] 347 wlloF & HAu|7E-S F8l Ml X A I cytopathic effect, CPE)
& WESIQITE dizwd AFTelA A AE vhol& S erystal vio-
let) G2 Aleke] o]l AN well®] -5 o] Spearman-Karber
o7 Hlolgxg FAulgE aelste] wloleA Y 7N(Tissue
Culture Infective Dose 50%, TCIDso) 2} H}o]#{ 2 4 5% (Virus re-
duction of infectivity titer, log;oTCIDsy/mL)= AlFslSith24).
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Table 1. Representative Chemical Composition of Thuja orientalis
Extract

Retention Intensi
No. Component name Formula time ty
. (%)
(min)
1 Catechin-(4 @ —8)-catechin C30H26012 2.24 8.55
2 Leucopelargonidin Cy5H140¢ 2.37 5.93
3 Arecatannin Al Cy4sH33015 2.30 5.01

1-Methyl-2-[(Z)-8-tetradecenyl]-

4 4(1H)-quinolone CyH3sNO  7.18 4.84
5 Catechin-(4 @ —8)-catechin C30H26012 2.48 3.71
6 Arecatannin Al Cy4sH33015 2.61 3.04
7 Catechin-(4 @ —8)-catechin C30H26012 2.07 3.01
8 3-O-(6"-O-;If-iirtrllr?lf:rr(?}lll)glucoside CublaOs 179 2.26
9 (-)-Catechin Ci5H140¢ 2.72 2.17
10 Leucopelargonidin CisH1405 2.72 2.17
11 Arecatannin Al C4sH33015 2.12 2.13

12 Kaempferol-3,7-diglucoside Cy7H30016 3.26 1.55

13 2,6-Dimethylaniline CgH;IN 13.86 1.53
14 Ranunculin Ci11H60s 1.15 1.08
15 2,6-Dimethylaniline CsHIN 11.85 0.98
16 Skimmin Ci5H;60s 2.26 0.95
17 Dehydroabietic acid C;oH250, 4.68 0.93
18 Kaempferol CyHxOi; 109 0.90

3-0-(6"-0-p-coumaroyl)glucoside

19 2,6-Dimethylaniline CgH; N 13.47 0.79
20 Kadsurenin B CaoH»0s 9.12 0.77
21 Andrographatoside CysH4209 4.68 0.74
22 Calycanthoside Ci7H20010 2.61 0.73
23 Dehydroabietic acid CyoH30, 5.08 0.72
25 Kadsurenin K CyoH2,05 9.17 0.72
26 Lucidumoside A CasH34012 2.94 0.65

4 AHF2 catechin, leucopelargonidin, arecatannin, quinolone !
kaempferol 54 TOF ERIEQITE o] Sy Qlof| Zepr
o|E, 'hd A Fo] FEe] glo] & EAAAE AA &9 7
Th= Aol Hlsz3t A3E It 13]. Catechine flavan-3-ol T+
ZE5 73 912, leucopelargonidini= flavan-3,4-diol®l] &3l &
ghr o] ER2 A et ol B8 At o)1 7)5e] o
A, A2 At HaElE Fal DoPdti{10]. Arecatannin proantho-
cyanidin®l] 3= %33 ¥hd(condensed tannin) &.E ZE|TEe]
Foln, 'y} 72 ksl dat 5o e E4Es Helt
[25-28]. 1-Methyl-2[(Z)-8-tetradecenyl]-4(1H)-quinolone> F|&EE
SAZ 4-quinolone> DNA 3] & Ax(gyrase)2t-& AAIE B3l It
& Holm[29] aliphatic &7l whe It 54 AG7F By
21tH30]. Kaempferol> A3 221 C6-C3-C6 T-35 714 flavonol &
] 3, catechin o] 735k Bt} G 2]o] SARS-Cov-29] F
Q2 ARl 3CLpro (3 chymotrypsin-like protease)2] 28-S oA}
o] 39 "oy AHE WAk Uik Ae-E sk ZoE AA
= ITH3,10,31].
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Figure 1. Structure of (a) catechin-(4 @ —>8)-catechin, (b) leucopelargonidin, and (c) arecatannin Al.

3.2, MI=SN "ot

SR 9l FEE MESALS AMIT| M| *Z(human epithelial
keratinocyte cell, HaCaT)E ©]-8-3}31 0" MTT assay W& €3l B7F
3IeH32]. AlaEEro] AV METE S A9 AR a4l
UFQl &4 @ (lactate dehydrogenase, LDH)E &3 FH
LDH= 7873 BEZEE WH-3-3to] formazans /338 A% W
sle dorink whbA] xS AEE Wl wpet bzl o] 2p
o]& o] g3l Fuy- & FEEo] AR AEe] A “’“';C—_FE =45

L ST 9l 80% oflghEe] WX & R FE8 A9 Ak
ob EAE A5 SK-MEL-2 Mol 23t A3} 0.10 mg/mml
= 88.49%°] AlX AEES B2, 0.05 mg/mL o3} FEollA
© =40 YR oh= Ao delA QITH1S]. mlelaz o] B
ZH9] QZF AT E gt MESAS Lotz FEN T
FERE o] 10~100% 214 v]&e) wEk Al
w3tk 450 nm IFol A Y] SFEE Figure 29 LE}
iglom %‘iﬂqu 9 FEES A &2tz v ‘ﬂﬁ
AEES AXFSISITE Table 200 VR vEe}l o] tjzite] A&
100% ti¥], 1.11 mg/mL FEolAE 55%2] AEES B3loH, 5%
T} BasteE AEgo] Z713RS MATh 10% ERolA &S]
101%Z YERY 0.11 mg/mL FEoAE S54d0] L}E}L}x] o= Zlo

o
)
=

2

2 gel=eh

33. &7 M5 §4

SO ol 2550 gt e ke dEaSA(Qeeld) &
EgG7H Trel=lel ule) Wastel o kel HEHFA|L ] uhE
gt s A4S T able 3¢ YEpIgleh diETE 10%2] NBE $+-
she et AR LT E AFSIIE 222 mg/mL SRS SO o

0164 . o
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Figure 2. The absorbance based cytotoxicity assay for Thuja orientalis
extract.

Table 2. Effect of Thuja orientalis Extract on HaCaT Viability

Concentration (%) Control 10 25 50 75 100

Cell viability (%) 100 101 77 87 75 55

stk Ui EE SAEEYTEE 10
CFUS] 557 tH}ﬁa} B L] BE I 2/ AE A} gz

H] 30.4%, 425%.4 Eis Z:H:é’_ro

Table 3. The Antibacterial Activity of Thuja orientalis Against E. coli and S. aureus

Contact time E. coli S. aureus

() Bacterial cell number (CFU) antibacterial efficiency (%) Bacterial cell number (CFU) antibacterial efficiency (%)
2 6.9 x 10° - * 8.7 x 10° -

2 48 x 10° 30.4 5.0 x 10° 2.5

24 1.0 x 10° - 73 % 10 -

24 b <10 99.9 b <10 99.9

© 24 98 x 10* - 185 x 10° -

€24 7.9 x 10* 19.4 b <10 99.9

® Bacterial cell number for control. ® < 10 CFU indicates that bacteria were hardly detected by naked eyes on the culture media. ¢ 1.11 mg/mL of Thuja orientalis

extracts was used.
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Table 4. The Antiviral Activity of Thuja orientalis Against Influenza A (HIN1) and SARS-CoV-2

Average of infectivity

Average of infectivity

Virus reduction of Efficiency of

Type of Virus titer of control titer of Thuja orientalis infectivity titer virus reduction
(log1oTCIDso/mL) (logoTCIDs¢/mL) (logoTCIDs¢/mL) (%)
Influenza A (HIN1) 6.600 = 2.500 = 4.100 = 99.992
SARS-CoV-2 7916 3.750 4.167 99.993

iz tiv] 99.9%9] Bt &85 WATE 111 mgmLe] FE9 5
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(HlNl) 9} SARS-CoV-25 thato
FSEE ARgEte]l d8
3t AhtAle] & =A5l= EIHASTM
E1052-20)°ﬂ et ﬁ7}oh A= Table 49 F2H3T) Q&<
Z} A(HINT) vfo]g] A = Ortho-myxoviridea 2}, JEFSNA; vlo|g A
o 3e] dhi e GOyl ok 3 shjoltk 2 Aol 9l
EFAF Aol F2 AREEE strain T 3! 8719 RNA #4&
7F<1 PRS strains ARE-3FTE SARS-CoV-2+= Coronaviridae ¥} W|E}
F 21} HFo] 2] A(betacoronaviruses) 2 7% A ©Y 7= RNA
S AR A 79 B vlolg2o|ti33]. nol# 9] 24 &
Q12 Zy7+e] &5=A|323] MDCK (Madin-Darby Canine Kidney) 3%
9} Vero-E6 A3Eol ulol2i g AR 5 50% 2uieF 2w &
2 (Median tissue culture infectious dose assay, TCIDs) 2. % 37}k
SItH34]. Influenza A (HIN1) Hlo]2{~E PBS wiZrd AlEtol
296 x 107 TCIDyymL 555 AE3 2 247k 5 527]810] 3]4ols
Az 7+ B4 MDCK AEel 79417 3907t Hjeke o
Hlolg 2 7S AbEste] vlwslglth 7] Hlol# A~ o7k 7471
logioTCIDsy/mLO|H, A AF vlolel 2 sMujeE 2] H4
AESHAE 2500 logTCIDsy/mLOIT}. 247} ¢t ulo]2 A9} Wk
T A4S S A9 dz2e] 97k= 6.600 logTCIDsymLE
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