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ABSTRACT

Background: In order to develop a method for enhancing the levels of constituents in Rhus ver-
niciflua Stokes extracts, we assessed the effect of ultrasonic thermal fusion treatment and thermal
water extraction on the stem of R. verniciflua over different lengths of time.

Methods and Results: The phenolic constituents of R. verniciflua stem extracts were analyzed
using high-performance liquid chromatogrpahy method. Total phenolic contents were found to be,
highest in extracts obtained using ultrasonic thermal fusion treatment for 8 h (URV-8, 12.279%)),
and thermal water extraction for 4 h (WRV-4, 5.645%). Notably, the total phenolic content of the
URV-8 extract was shown to be 2.32 times higher than that of an extract obtained using thermal
water extraction for 8 h (WRV-8, 5.295%). Moreover, we found that whereas an extract obtained
using ultrasolic thermal fusion for 1 h (URV-1) contained 0.156% urushiol, an allergy-inducing
component, no trace of urushiol could be detected after extraction for 2 h.

Conclusions: Compared with thermal water extraction, ultrasonic thermal fusion treatment is a
more effect method for obtaining plant extracts with high concetrations of phenolic constituetns.

Key Words: Rhus verniciflua Stokes, Fustin, Thermal Water Extraction, Quercitrin, Ultrasonic
Thermal Fusion, Urushiol
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22U (Rhus verniciflua Stokesy= U5} (Anacardiaceae) oA ZH7|7F 2 E o "VP\]EHTH Ut Ao &
o) Hale Ul B wEORA x}%ol% EEERAR)= de 7)ol 282 dlo] AR Ao FEHI Sl v
A Aok AR 2= FGotAlor 2 Ao ©sdetol A A AL e 2UTE TolA EYE AR SRR

o7 dHA e, dAAl= EI‘JWHJ% THOE ol APYE AT A Aol A=A EESHL ATk (Ahn, 2020).
At e Aol de] Bxsi 94 e Asdow o SHelA AL U= RhusEell &3he A8 $UF

FHo] W& Ee #AEAoY dF = WIEAHORE A AL (Rhus verniciflua Stokes), 7N (Rhus trichocarpa Miq.),
2 4=A ATt (Yook, 1981). 27l Wik 7IS02= 5 HYWF (Rhus javanica L), B=& 2WF (Rhus ambigua
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Lav), ¥ 2UF (Rhus succedanea L.), 2P %¥ U o, sulfuretin® FMEW 28 (Park et al, 2000), FAZ
(Rhus sylvestris Sieb .et Zuc) % Fo] ATt (Yook, 2+8- (Lee et al., 2012y YERNSIT]
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Zuete AFAE ol Fart 22} (urushiol) A %] th
F T Ho oA MAdME Sttt gEA 9
(Yook, 1989). 79| 213 AME 7% 2% 34 A5Y
whol] thek 3571 2 FA0 2= FAE (urushiol)
RS AAS 24T E FE5 FJH=E 2H 2o =
ggoznt AR = 9t

$UHFe] st %o RE A (kak), FEANSA @il
TEFSERL), A8 @iiM), sk (i), T245-s @)l &
T °] e (Kang er al., 2018), A2l #3+ A+2E=
LU FZEE0] MUC4 (mucind)®} FAK (focal adhesion
kinase)?] &S SAIEl] AL Az s Holg A
3tal (Kang et al., 2018), @5HH--S A 3 (Kim ef
al., 2018), HANH3-S 243l 835 YeRd (Jiang ef
al., 2018).

29 $-FA1S (urushiol)s} ZE}H-o]=
(flavonoid) Al'EZ #& (phenol) 3FH= AlESl Z4F (gallic
acid) 5°] B84 Adtt (Kim et al., 2019b). 2179 43
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fisetin, fustin®] FAAE-SZ FQET AW (Im et dl,
2016), W0l 23} tiaEe] 7} 9l Bae Sy
o= urushiol?} flavonoids A4EE°] FE&| 7 EA)s}
o, EAR= AEHQ Y AfFHHAAM = FAEA] U
flavonoids AE-5°] FF0=2 EAta A ok

2ol F9 ZEH:o]=& fustin, fisetin, quercitrin,
sulfuretin, afzelin 5°]9, fustine Fojt ksl 28-S e}
WL (Van Acker e al, 1998), H,0.0 oF71E AHEZ ZAJo
thate] hAMEES B33} (Jung et al, 2006). 223, R
ZJ nitric oxide synthase (NOS)?} cyclooxygenase 2 (COX-
2)2 AsEtt (Moon ef al., 2015). B3}, fustin®] WHEFo
= PREoxe] HglePd R2olER fER= SRl sintx
Zlo] A dzkslel dhlAe] lErdste] F7HE folsHl
AT (Kwon et al., 2015).

Quercitrin A X 8793} A28 (Cordoba er al,
2018), @4ks} 2L (Li er al, 2016y YERNQITE HE3)
afzelin® 7F371%5 NAZE (Lee et al, 2017), AP 3t
ZM8- (Zhu et al., 2015), ZH2 A2 FES2E (Kim ef al.,
2019a), H2] 7§28 (Zhou and Nie, 2015)2 YeERHA L
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1. ez

Aol AMgSE 2T (Rhus verniciflua Stokesy= 2=t
5 ARAA Ak 10848 7S 20199 3¢ 20€0 £

)
VT 2718 A 7Azsie] AlA] 24T Ele]ola] 12
gom, 2UFE B (Rhus verniciflua powder)2] &S
2o=Z A3} (Fig. 1 and Fig. 2).

B3 o ol

2. 2 FE 92~ A
ZUH 7] B2 500 ¢l SR 15 &L & dHd =

71l €3, 100CoNA 1 AlZF (WRV-1), 2 A7+ (WRV-2), 4
A7 (WRV-4), 8 A7+ (WRV-8), 12 A|7F (WRV-12), 16
AlZE (WRV-16), 20 Al7F (WRV-20), 24 A|7F (WRV-24),
36 A7+ (WRV-36), 48 A7+ (WRV-48) A2]3lal 42 AlF
E FF 2T I8 AUt
3. z3u A 88 Al A~ A

2T 27] B2 500 goll 15 £ & FFHFE 229 A
271 &Y 1,200 W, 3= 28 kiz, KODO, Hwaseong,
Korea)ell 232, 100Co|A] 1 A]ZF (URV-1), 2 AlZF (URV-2),
4 A7+ (URV-4), 8 A17F (URV-8), 12 A7+ (URV-12), 16
AlZF (URV-16), 20 A1ZF (URV-20), 24 A7+ (URV-24), 36
AZE (URV=36), 48 A17F (URV-48)S A Zjalal 9o A8S
sAAZ 257 Q& A I AU

4. HPLC HI=d d&2 24

lang 5 (018)] WOl Wk E£EE} A vaslel 4
2o 9% L 292 4 AR T 3 3 18 Y] A
I ZIE O

M-S Flste] 43 Chromadex (Los
Angeles, CA, USA)9} Chemfaces (Wuhan, Hubei, China)Z
FH Y3 fustin, quercitrin, afzelin, sulfuretin, urushiol
AHESE T A3 HPLC ZX& Waters 1525 binary

ALY



2UFL| FEX0| ME Tz o= g Hat

OH
o o)
HO 0 S
OH O -
0 H
OH
fustin sulfuretin quercitrin
CHj,
OH O WOH
o) & OH
Gk OH
OH
afzelin urushiol

Fig. 1. The chemical structures of the phenolic constituents of R. verniciflua stem.

Fig. 2. The Photograph of Rhus verniciflua stem powder.

HPLC system (Waters Co., Milford, MA, USA)°l™, Z¥
<2 KNAUER Eurospher I 100-5 C18 (Knauer, 3 mm x
250 mm, Berlin, Germany)S AME-3}T}.

o]%4 &1l acetonitrile (0.1% trifluoroacetic acid,
HPLC grade, Sigma-Aldrich Co., St. Louis, MO, USA)
I HPLCE ZF< (0.1% trifluoroacetic acid, Benedikt
and Jager Inc., ojFd =&

Clayton, NC, USA)°]™,
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acetonitrile®] B &2 0% (0 min)lA 5% (5 min), 95%
(30 min), 100% (35 min), &3 BPAEO 2 ThA] 0% %
AR, Afers AL 58 B 09, ARIED
& UV-Vis Detector Waters 2487 Dual L. Absorbance
Detector (Waters, Milford, MA, USAYS ©]&3}>] 220 nm o]
A AE3ATt (Fig. 3).

5. SAX2
3 3] Wby AS FE 42 Ade HAT FFoAE U
ERIglem, SARA2 SPSS Statistics ver. 22.0 (IBM Inc.,

Armonk, NY, USA) softwareS ©]-&3+ dLujx&
(One-way ANOVA)S A A| @]-03] Duncan’s Multiple Range
Test (DMRT)el 2J3ll F25F 5% 2 AlE7H] f24 Ao
£ AR (0 < 0.05).

A=
A

P

U E7] (Rhus verniciflua Stokes)ys ©]&3F 71543
A A3t 2AAES L] St b S0l 2%
&Y Aot = FEF ANHER A ZHE

HPLCHOZ v AESIY Table 1, 2914 fustin, quercitrin,
afzelin, sulfuretin, urushiol ¢ A& S A|7HH 1, 2, 4,
8, 12, 16, 20, 24, 36, 48 A7+ v FAste] & A&
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Fig. 3. HPLC chromatograms of R. verniciflua stem extract accordinF to ultrasonic thermal fusion treatment and thermal water
tr

extraction. URV-1 (A); R. verniciflua stem extract treated with u

asonic thermal fusion for 1 hr, URV-8 (B); R. verniciflua stem

extract treated with ultrasonic thermal fusion for 8 hr, WRV-2 (C); 1 hr thermal water extract of R. verniciflua stem, WRV-4 (D);
4 hr thermal water extract of R. verniciflua stem. The peak marked are 1; fustin, 2; quercitrin, 3; afzelin, 4; sulfretin, 5; urushiol).
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Table 1. The components of Rhus verniciflua stem extract according to ultrasonic thermal fusion treatment conditions. (%, w/w)
Phenolic Ultrasonic thermal fusion treatment”

compounds " JRy-1 URV-2 URV-4 URV-8 URV-12 URV-16 URV-20 URV-24 URV-36 URV-48

Fustin 1.128+0.017% 1.88720.020° 4.577+0.005" 6.044+0.017 3.859=0.119% 3.005+0.038" 2.38220.012¢ 2.007+0.027¢ 1.996+0.019¢ 1.336=0.017°

Quercitrin -~ 0.262+0.015" 0.385+0.022" 0.975+0.002 1.750%0.055" 1.145+0.077% 0.697+0.022° 0.451+0.012¢ 0.458+0.010¢ 0.335+0.021" 0.609+0.009¢
Afzelin 0.051=0.010* 0.874+0.055" 2.071+0.028" 3.340+0.061" 2.828+0.084% 1.953+0.019° 1.522+0.024 1.219+0.071¢ 1.223%0.014° 0.855+0.046"
Sulfuretin ~ 0.280+0.002" 0.089+0.009* 0.5340.005° 1.145+0.008 1.562+0.0138 1.868+0.012" 1.614=0.018" 1.414+0.020° 1.418+0.013° 1.461=0.023'
Urushiol 0.156+0.005 - - - - - - - - -

Total 1.966 3.235 8.157 12.279 9.393 7.523 5.969 5.097 4.971 4.261

YUltrasonic thermal fusion treatment, URV-1; R. verniciflua stem extract treated with ultrasonic thermal fusion for 1 hr, URV-2; R. verniciflua stem extract treated with
ultrasonic thermal fusion for 2 hr, URV-4; R. verniciflua stem extract treated with ultrasonic thermal fusion for 4 hr, URV-8; R. verniciflua stem extract treated with ultrasonic
thermal fusion for 8 hr, URV-12; Rhus verniciflua stem extract treated with ultrasonic thermal fusion for 12 hr, URV-16; R. verniciflua stem extract treated with ultrasonic
thermal fusion for 16 hr, URV-20; R. verniciflua stem extract treated with ultrasonic thermal fusion for 20 hr, URV-24; R. verniciflua stem extract treated with ultrasonic
thermal fusion for 24 hr, URV-36; R. verniciflua stem extract treated with ultrasonic thermal fusion for 36 hr, URV-48; R. verniciflua stem extract treated with ultrasonic
thermal fusion for 48 hr. Values are expressed as means = SE (n = 3). Different letters (a—i) next to the standard deviation indicate significant differences between the samples
based on the post-hoc Duncan’s Multiple Range Test (DMRT) results. Significant at the 5% levels of probability (p < 0.05).

Table 2. The phenolic components of Rhus verniciflua stem extract according to thermal water extraction conditions. (%, wiw)
Phenolic Thermal water extraction treatment”

compounds RV WRV-2 WRV-4 WRV-8 WRV-12 WRV-16 WRV-20 WRV-24 WRV-36 WRV-48

Fustin 2.920+0.0127 3.332=0.023° 2.910+0.011" 2.3540.006° 2.1210.001° 1.974:0.004° 1.567=0.002" 1.3760.001" 0.900=0003" 0.7010.000"

Quercitrin 0.807+0.005" 1.058=0.005" 0.892+0.005% 0.719+0.012° 0.684=0.033° 0.530+0.008" 0.3810.005° 0.309=0.001" 0.171+0.002* 0.126=+0.003"
Afzelin 0.755+0.004" 0.383=0.002% 1.765+0.012° 2.135+0.009¢ 2.612+0.016° 2.858+0.004° 2.437+0.043° 3.374=0.004" 2.738+0.004° 2.701+0.007°
Sulfuretin -~ 0.070+0.001* 0.090+0.001* 0.079+0.001* 0.088-0.002* 0.104=0.001* 0.112+0.000* 0.100+0.003* 0.137+0.001* 0.1110.000* 0.118+0.001*
Urushiol - - - - - - - - - -

Total 4.552 4.863 5.645 5.295 5.521 5.474 4.486 5.196 3.919 3.646

DThermal water extraction treatment, WRV-1; 1 hr thermal water extract of the R. verniciflua, WRV-2; 2 hr thermal water extract of the R. verniciflua, WRV-4; 4 hr
thermal water extract of the R. verniciflua, WRV-8; 8 hr thermal water extract of the R. verniciflua, WRV-12; 12 hr thermal water extract of the R. verniciflua, WRV-16; 16
hr thermal water extract of the R. verniciflua, WRV-20; 20 hr thermal water extract of the R. verniciflua, WRV-24; 24 hr thermal water extract of the R. verniciflua, WRV-
36; 36 hr thermal water extract of the R. verniciflua, WRV-48; 48 hr thermal water extract of the R. verniciflua. Values are expressed as means + SE (n = 3). Different
letters (a—h) next to the standard deviation indicate significant differences between the samples based on the post-hoc Multiple Range Test (DMRT) results. Significant at
the 5 % levels of probability (p < 0.05).
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