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Preparation of compound essential oil based on Cimicifugae
Rhizoma and its antiradiation activity on mice

HUANG Rusi, CHEN Jingying, YANG Xiaoxu"
( School of Pharmacy, Harbin Commercial University, Harbin 150001, Heilongjiang, China )

Abstract: The compound essential oil was prepared by microwave extraction method from Cimicifugae
Rhizoma, Lonicera japonica, Sea buckthorn, Scutellaria baicalensis and Polygonatum odoratum (Mill.)
Druce, with the extraction conditions optimized by single factor experiment and response surface
methodology. The compound essential oil was qualitatively as well as quantitatively analyzed by GC-MS,
and analyzed by bacteriostatic zone test for the bacteriostatic activity of its component Staphylococcus
aureus . The radiation repair activity of the compound essential oil was evaluated using the mouse radiation
skin injury model and human immortalized keratinocyte (HaCaT) cell injury model established by UVB
irradiation method. The activity of superoxide dismutase (SOD), the level of malondialdehyde (MDA) and
the content of collagen were detected by H & E staining method, while the expression levels of p53 and
proliferating cell nuclear antigen (PCNA) in HaCaT cells were determined by Western blotting method. The
results showed that under the optimal conditions of liquid to solid ratio (mL : g)=28 : 1, microwave power
385 W and extraction time 32 min, the extraction yield of the compound essential oil was 0.624%. A total of
32 chemical components were detected in the compound essential oil, including alcohols, ketones, phenols,
etc., with the relative contents of methyl eugenol, 3,4-dimethoxystyrene, and 3,4,5-trimethoxytoluene
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18.64%, 13.27%, and 12.16%, respectively. The inhibition zone diameter of 8 uL. compound essential oil

against Staphylococcus aureus was (18.23+0.25) mm, which was highly sensitive, and its inhibitory effect

mainly came from Scutellaria baicalensis essential oil. Compound essential oils decreased the MDA level

of mouse skin tissue by increasing the SOD activity and the collagen and reducing the level of MDA in

mouse skin tissue, and could repair UVB radiation damage by downregulating the protein expression of p53

and PCNA in HaCaT cells.
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1.2.2.3  SOD {14 Fl MDA 7K~F-F5
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LA I35 5 26 A A v S 2 bR vE 2R, ek &
VLI A5 E4T SOD T 4 il MDA 7Kl % .
1.2.2.4  BJFER HKE A
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e HhT] LA EOEEE T E 560 nm P T I E VA TR Y
WOERE . DI ER W (x, ng/mL ) At Ak
bR, WOGEE (y) AONARER, 2] PRI 2R T m vk
FE - W ot B bn ot 2, bR dfE it LS 7 R
y=6.4873x-0.0097 ( R*=0.99084 ). 5742 % Wi h
BIHAmRM TR (pg), PR (2) iHHREE
M (pg/mg )
T S B Er=m (PRI R/ [m (S 41 41)%0.134] (2)
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24 h, {HANMINGEE , 2 IE R 4. BORIA R kG
ML, KA 5 0 A E T K 313 nm 158418
IR, 3 30 min FYFRIR, BESSSRIE R 30 mI/em?,
EOTRS I A 4 UVB BR 5T S A B ik
200 pg/mL S 5 AE MG SR BLAL B, TE R 2 A
Heg THES AR N, 42524 h, BHIK 3

AR FRAL
1.2.3.3  4ffd p53 Fl PCNA & H 157K 0 &

MR Trizol BFIAYULH A, A 240 i R L
BN, H Bradford ¥ElE B A &, & B
8 10%) SDS-PAGE BEMiE, H: [m) 44> A b in A
20 pg FEASHR 1 1 (20 mA/H i AT HLIKZ) 2 h,
S B AE RS (100 V) ZEZERTK 2 1 h LLSE R
JIEE B AE 20~37 °C P X s A7 3 P Ak B
1~2 h, FESFRE 500 f589—P0 (p53. PCNA,
B-actin ) 7 20~37 °CFEH 42584 2 ho LRk
JEfS, 78 37 °CF, KRB 200 509 =90 (1LF
BN 1gG ) #E4T 20 min B E , IR
VRIS . A DAB R 6, SR AT 2k iy HL Ak
1500 .38 3 BIO-RAD HEE WG R G X 550 i AT EI&
KAE S E R AT, Western blotting 2577 A G5 & &2
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WA AR FU A, BT 453 H A9 8 R A K
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FEIR 50~230 °C, #JFTHE: Ph 10 °C/min AYHR
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1.0 mL/min K82 G TIHZ 0.2 pm A HLIE RS I8,
PEEER 0.40 L, ZMFiH 10 50, #A N4l He (A
FU3 %0 99.995% )

MS %/ R EL, HFiER 70 eV, {LH
IR 250 °C, MR 1600 V, &7 R EE
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FICAT R S ERCE 3 g4, A 1 & A g
4% RS 0 8 wL AR IHARE o o T E TC R 2RI K AR
RS EAMA, AR, V. EE . SR
FEAT B RS AR Sy SE I X BRZH . A R I HE
37 CHyTERIEFRAR P EEFE 24 h, 40 5 P Y B
oo HE 3 WFATEE, HALE B3 )l E
BOFBE
15 EAFEHRINAEERLR

BEWCEHE (200 1) | TP (385 W) |
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N 57.6%. XNy, CEEED, FEEREGZE
MICETE RN, PR BCR AR ZEEHTE S
P FEOREANVERC . PRI | 5 AR B
R VAR RN ZG B B LA O, AT AR A2 5
R A SE R

60 [

10:1 20:1 30:1 40:1 50:1
VORHEE/(mL : g)

RBH/%

360 380 400
HRIW

PRECR/%

201

0 2.0 4IO 60

FEBUH ] /min

K1 WRHE Ca) o BEEIR (b)) |
527 RN BOCR (4 52 1)

Effects of liquid to material ratio (a), microwave

power (b), and extraction time (c) on extraction
rate of compound essential oil

FeurtE (c) xi

Fig. 1

M 16 ATLLE ), B 0 %8 (355~395 W)
HISEIN, 52 778 T A B R B B A B S AR
B MBI Th N 385 W I, IR BCR R,
H61.3% XAE R, i D3 B e 2 1 24 61 1
WCE Z M Re R, A3 BT o1 R4 SO Tl s
RO Tl s i, 2 0 il 4 P e P R i B 4
HSB0A R L, 2w i 53200

M 1 fLLE Y, FifiZE BEELETE] (10~50 min )
HISEN, 52 778 T A B R B A B S AR Y

oo UPLIUE] N 30 min B, A2 07K T B BCR B
W, M 59.8% IXJE R, O E] K KN ) TA
TH A T B E] DR A S HORE TR & 1 AR R
REAIC .
22 MEESRWERSHH
221 rAEpEEREITSER
K H Design expert 8.05 #X {4 X 1 5 1 B #E
T PAA, IR T 7 25508, 455 5
KA TR
¥=0.6094+0.02254+0.0870B+0.0338C+0.01874B—
0.00684C+0.0053BC-0.15684—0.1183B°-0.1348C*
( P<0.0001, R*=0.9906)

E I VAT RPN a2 e il

Table 1  Experimental design and results of response
surface methodology
5 G fE SEPRfE
2, WRHIL kg gEudh) Y
/(mL : g) /W /min
1 0 0 O 25:1 375 30 0.614
2 0 0 0 251 375 30 0.591
3 41 0 +1 40 -1 375 50 0.348
4 0 0 O 251 375 30 0.621
5 -1 +1 0 10 -1 395 30 0.384
6 0 +1 +1 251 395 50 0.482
7 0 -1 +1 251 355 50 0.321
8§ +1 -1 0 40 -1 355 30 0.247
9 -1 0 -1 10 - 1 375 10 0.274
10 0 +1 -1 251 395 10 0.381
11 0 0 0 251 375 30 0.618
12 -1 -1 0 10 -1 355 30 0.224
13 0 0 0 251 375 30 0.603
14 -1 0 +1 10 -1 375 50 0.332
15 +1 0 -1 40 -1 375 10 0.317
16 +1 +1 0 40 -1 395 30 0.482
17 0 -1 -1 251 355 10 0.241

222 HEMESLF EHH

22 Ay el SO T S 90 BN A 1) T 25 4 4

M 2 i LUE 1, BEELE) P<0.0001, $iRARIAEY
A RFENGITF2E5 . HERE (RP) N 0.9906,
FROZALRI AT RS 3 SR 99.06% 0748 S, S
WA S A RKEREY], fTUHRNRRT 25
BOHEAT A e AT A v Ty 2% A B 2 R S
Bk A%, B2 FN C*, KW 34 [ AR N EXHEBCR Y
g, M HITAB, AC I BC¥IAREE, \NF
B PTA Y, B PR 26 2 RS T B B3 1) 532 i K /N It
PN B>C>A, BV )R> 3 B R8Ok} H
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Table 2 Analysis of variance in response surface experiment

TRk PR BmE B FME PE BN
iR 0.3421 9 0.0380 81.80 <0.0001 **
A WKL 0.0041 1 0.0041 872  0.0213  *
B W% 0.0606 1 0.0606 130.33 <0.0001  **
C $EHURE 0.0091 1 0.0091 19.61 0.0030 **
AB 0.0014 1  0.0014 3.03 0.1255 O
AC 0.0002 1 0.0002 039 05510 O
BC 0.0001 1  0.0001 024 06410 O
42 0.1036 1 0.1036 222.89 <0.0001  **
B? 0.059 1 0.0590 126.88 <0.0001  **
c 0.0765 1 0.0765 164.74 <0.0001  **
B2 0.0033 7 0.0005 — — —
Al 2% 0.0026 3 0.0009 578 0.0615 O
AU 0.0006 4  0.0002 — — —
B 0.3453 16 — — — —

. o FORERWMEE (P<0.01); “*” FRESEH
(P<0.05); “O” EREFARE (P>0.05); “—” REFTEE.

C: Rkt [E]/min

g
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=
=
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X
S

10:116:122:128:134:140:1 355 365
A: B /(L - g)

s
25
L5055

SO N
SRS
750000

0020090

B: BRIV

223 v R @S

K FH Design expert 8.05 {422 il 52 75 5 i 42 X
WORHHE . Sk oh s $RBUn Rl g = et w45
WA 2 fros .

e o7 P v ot A G A A AR Y
AR RAEANDG, Rk A pEy , 22 B AR
F; lkz, MAEET%, scEERHBS . E5E%
Bl 245 T ROR 9% 42 B R 6% 1A IR 25 [ 38 28 B4R
FHBISRES , A BN o 8k, 02 B
WRZML EAERYE; = REAE, WFRRZEEAE
S, MR 2 nI UL, O B[] 5 falint oy R 1 il v
BEUEAR BE 3/, XA 8 28 AR X BCR Y
FEMAAN K s T S L B[] S5 R EE L i 0 5 R
ey T R BEN, HAEmAR N EE, RWPX M
A 2 2 (0] (1 58 AR TR BCR AR k.

Ml 2 A4S T R T SR U SR Ak - WK
Foh 27.534 1, TREEIHN 384.587 W, 4RI 1]
4 31.602 min, FERCAAF T BN HCE R 0.627%,

MONAAY

RSN\

77
77 28755 HOXS
77777475 .:i:‘s:‘\\\x
WS

X

““\“‘ \
500505

395 %

385

375

B: IR TIH/W

365

355
10:1 16:122:128:1 34:1 40:1
AZ?&ﬂtﬁ/(mL:g)

385 395

B2 ETPREMRORE L | Bl DA L 48 B 6] 9 3 52 B 52 0 ) = 24 iy ]

Fig. 2 Three-dimensional surface diagram of the interaction effects of liquid-solid ratio, microwave power, and extraction

time of compound essential oil

224 IEHIELR
SEESIBRERAE, RS TR I B T 2 24
J: WORHEESh 28 ¢ 1, TETIEN 385 W, HREHET
[k 32 min. FESLAAMF FHEAT 3 OEATIRAE S5,
53805 7K R B4 3 0.618% . 0.625% .

0.629% , S BCF-YIME K 0.624%, 5T ( 0.627% )
el . RUPZAR AT EE, RIS T, SRSl
(R A2 5 K T 340 Ry e A 4 Pl 45 1 o
23 EFRBASEREMSERNER

& 3 HE Ik GC-MS MY B 1 i Al ,
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Fig.3 Total ion chromatogram of compound essential oil by GC-MS
#3 Ik EE >

Table 3 Main components in compound essential oils
wE o wamen  PEME g HIH
min == /%

1 T HBER 0.41  1002-84-2 0.57
2 kR 0.57  57-10-3 6.31
3 IR 0.69  78-70-6 0.27
4 5%k - ey i 0.72  89-80-5 0.83
5 A 121 89-82-7 1.08
6 3,5- SRR 1.33  4179-19-5 2.33
ARLIILS 1,52 120-72-9 0.62
8 14-F L Fibe iz H I 1.63  5129-60-2 3.82
9 4-ZIREA AR 1.68  7786-61-0 1.03
10 Xf F AL ZE 2 1.82  100-06-1 0.36
11 34-ZHEEER G 1.85  6380-23-0 13.27
12 WET by 1.93  93-15-2 18.64
13 3,4,5-=H IR 1.95  6443-69-2 12.16
14 PR 1.98  552-41-0 8.94
15 PASEE 236 124-25-4 0.81
16 A-FAJHEE 296  562-74-3 2.75
17 s 3.10  77-53-2 0.29
18 p-fatrks 324 87-44-5 0.63
19 (-)-a-BER i 3.57  17699-14-8  3.28
20 4-ZJRH-2-HASRE  3.64  7786-61-0 4.62
21 PR 3.72  98-86-2 1.43
22 FAH:R 3.81 143-07-7 1.66
23 PH:R 3.96  621-82-9 3.68
24 p-Rim 4.07  51317-08-9  0.24
25 WK 435  544-63-8 437
26 451 98-01-1 0.57
27 ME-11-F 7Sk IR R 4.53  2416-20-8 2.82
28 IR 455  60-33-3 5.82
29 ZRPERN R 473 120-51-4 3.31
30 e 480  150-86-7 3.34
31 HIRE 483  6138-88-1 3.21
32 8-Lheks 4.892  16369-12-3  1.96

MFR 3 FTLLAE Y, 5 I b v A0 32 Aok
gy, FEALFREEE . BRE . M2 WEL . WA ESE,
Hrp, WETHEN., 3.4-"HEEEIE. 3,4,5-—
AR R AT S s, 400 18.64% .
13.27%. 12.16%., HETHFBHEATUE . PR . Bt
S B R N2 i B R U AT I R
3,4- A SR 2N 3,4,5- = H R I 2R AR LA T
B A A S PR R BT IR A PR . BT
A RHL AR EN T AR . X RER S
Tl S5 AN PR RITR B2 2SBS0 T 368 5 X625 ol 1) Fh 6
THERVERT, SEMRHWT A ARSI E S, R
B WA T it mm | 4- 20 -2 F AR IR )
EFTRIB LIRS, THEREFES. W
il 210 B R Bl o 3 AT RN R T B SRR, PR
TRAERY AT . BT S A el SR 28 4 ok
] i@ 4 F 0 NF-xB . JAK/STAT . MAPK 4515 53 %
S, RAEPUR AR RIVE IS, HAl B i 4 &
FEM2IR0E A e — 2P 52
24 SFHREMIIEEES

e 4 RS2 TR A B R E 4 AR

F 4 RREIKG AP0 B B AR
Table 4 Results of antibacterial zone diameter of different
essential oils

LRlikES B H A% /mm
WK Rl 18.23+0.25
FHRRAS I 11.38+0.16
IR 12.67+0.61
A 15.86+0.13
A ERACKE I 11.38+0.52
FATHE N 13.24+0.24

M 4 0] LB B 7R T 4 B 00 ) A BR A
O 400 TR Pl LA O (18.23+0.25) mm, RS2 56 X i
HFERE . V. E5 . &AW A EAT A A
WA E B EAE (11.38~15.86 mm ) , FM &
FER IR RO o M ELZ T, B 20K T A0 0 1 18
% [(15.86+0.13) mm ] W&/NFRE kG, RHE
J7 K T X A B 60 28 K A A 2 A o AR 3R
H K T [R) BE 0 2 25 F1ORS Vi s 4 1] P[] 34 24 1)
S5 S 7R O 4 6 2 IR TR Y 10 T P AR A
T 15~20 mm, J& T & B RUR, RIFE 5T 6E
3 35 T FCA B D A D B 4 R R RS R I, TP A
Yo FEE B 5 )22 O P L O T A A i Y 3 A
A6 40 Y P S 4 S5t i e A ) A0 R A R
KA AT,
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Fig. 4 Photos of H & E staining of back skin tissue of

mice in each group

M 4 FTLLE W, IEH AN R B IRAEA
YNMEJZ R G AT I T WL, B R AR, LR
Y I E P B IRARHES, AT RS . Al Zh sk
REMBLG, B FEF 2 LLgh A i sRCRIE 358 1 4
i, [FIEE, RRRA RS 25 B IR R (& 4a);
AHEZ T, A /)N B B R DU 3% B 3% e A i 2
WHETIN . B Z IR AR, SR AR T T R
PEAS AL, JESARIRARN, T R G A
gea|dh | AT R KR MG, R A 4 HE
G KN LT AR AR B e R ) B % i
PGk (D 4b); PR XS HRZH /N B e ik e S5 2T 4
DU L2854 DR Bl T DR A T O R0 s HE 5], 5 b [
FERBUH A K BOE RS (B 4c). EIrkmdls
BERIZH AR LY, B Bk 19 3R Bz K B I 25 B A X DR 4E
R NNSERE, ER 2 0 5 2T 2 il DR R 8 T U
B2, IR ELET 2 RSt 5 B B O U AR A
(&l 4d ).

2.52 A At RO BK4L4R SOD %, MDA
KF, KREGAENY A

K5 s A/ k4140 SOD i #: . MDA /K
Vo R AR, #£ S O HACEE

M S 0] LU, AR /N B R 4140 SOD i
PERSEER H, SIEFAM L, £3% UVB 585 rys Al
ZH/NBURY B SR ZH 20 SOD 176 e J I 1 At 25 R IR
(P<0.01 )5 FHPEXT B 20 5 52 5 A v 4. 000 12 2 30 i A
X THREAIZHEY) SOD TEPEA K & 1Y - FH (P<0.01)
([ 5a). BIRIA/NERY B MDA 7K AHER T IE

WHAWN B ERT (P<0.01), MRS SE
TG AR TR, MDA 7K1 8 25 A
(P<0.01)( & 5b ). #EAIL /)N R 7 IR AL 200 B 2R
F & i 5 IE A LR, SRR, &k
TH12H /0N BB JER B e D B A A W R (P<
0.01) (& 5¢),

S5RW], ERS T E S BRI MDA K,
P2 SOD Wik, Wl/b K iR fh , Mo i F A S
I /T WA B U R K =W U D SO /&~ R K € = W
B W R Z ] B S A PR, el B B R
B EE A e,
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—

A FHEEXIRE ZIrkama

[a
?0 ol i
AA

EHH

40P 4s

BRI PR Eorehd
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ERal BUNE RENEL E

“an” RRHIEWHMILZRBEE (P<0.01); “a” RRFIE
WA 225 B3 (P<0.05); “**” FoR HEERILIAH L 2 5%
BF (P<0.01); “*" FoR GHIRIA ML 2EH B3 (P<0.05),
G
K5 A2/ IR ST SOD it (a). MDA JKF (b)),
I i (c)

SOD activity (a), MDA level (b), and collagen
content (c) in the skin tissues of each group of
mice

Fig. 5



© 2222

M 4m 4 T FINE CHEMICALS

42

5 KAUNEUZ K411 SOD itk . MDA /K | IR
F
Table 5 Levels of SOD, MDA, and collagen in skin tissues
of mice in each group

a0 SOD 4/ MDA K/ R
(U/mg) (nmol/mg) (ng/mg)
EH A 77.20+3.66 1.63+0.25 1.10+0.05
(e 54.19+4.684* 3.16£0.55**  1.03+0.07
PHEXTHRZ 72.57+3.76" 1.49+0.03™ 1.63£0.06™
BHKGHA  65.92+3.407 1.38+0.23"  1.19+0.117

2.6 EHHEHXTUVBIEST HaCaT 4l p53 #1 PCNA
EBRIEKFERRNE
€] 6 & Western blotting #E I SR K . K 7
KNS p-actin FEATALIE S5 Y HARZE R

PCNA
pS3

P-actin

EHFH HKEYA 2

[l 6 Western blotting %t 4% 135 &
Fig. 6 Western blotting and gel imaging

K

Lo E¥4H TR B KA
iH 0.8
%)
&K
' 06
E
R
g 0.4
<
8 o2
0
EHH R Bk
E 7 22 B-actin KIEJGHY p53 (a) FI PCNA (b) )
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Fig. 7 Protein expression levels of p53 (a) and PCNA (b)
after internal reference f-actin correction

MK 6 \LIE S, 76 UVB 55, FIE T IE%
2H, BRI p53 5 PCNA Sff KB B 3518 s 4R
i, &8 WM HUE, 2 M4 ps3 5 PCNA

2R IR AR TS R AL A TR o

ME 7 ATDVEH, BERIZE o HaCaT 40 MR pS3
5 PCNA & IR BKF BE S FIER4 (P<0.05),
FMHZ T, 575K T AL 3 9 28 1 0 255 7K -3
i FAR TR (P<0.05). £33 S p-actin K IE
WG, ML 8RR A R FRAL, HA S+
B, FAE R AT LR HaCaT 400 pS3 A1
PCNA My IR IAAKF, /N UVB fg e 7™
A= O 40 JE B BELA | 520 DNA B85, DL R s A% T
FR U6 A2 L (NER ) 126 1k 25 ) 200 Je i)
HGR Y E T 565 H R B Z M S F ps3
I PCNA A FB KA KM,

3 #Hig

SR R B G , SRR . &4RIE . U
W AR EA TGRS, WS T 2, R
JH B PR 2 S5 56 ) R T S 56 6 4 BT AT TR
b, T GC-MS VX & 5 Ao AT 8 PR A
AR, R FHA A P S 56 6 42 G il A 4 B €0 B8 A B
PRI 5 PR R AT A 8 1 UVB A 5 8 57/ iU
S R AR AR HaCaT 20 i 458 R, JEF H
& E Jeaikxt SOD it . MDA /K. IR A&
TR, 38 5 Western blotting 2: %€ HaCaT i
4 p53 Fl PCNA FHEHFRKE, HRE RN
UVB S5 /N U Ik RSB S 06 1, 458 -

(1) DIRFRII L 75%0) LK O RO,
TEVCRHIE A 28 + 1. ST 385 W, 4R [iH]
432 min BYERAEHEE T A4 T REUE R, 42
HUR K 0.624%,

(2) BZIJPREmILAG I 32 Fifbep gy, fudhms
2 EE . WA, Hop, WHIETHEB . 34-"HA
IR 3,4,5- = AT AR AN B w2l
9 18.64% . 13.27%. 12.16%.

(13)8 pL 2 7 A TH k) 4 B €0 B A8 K P Fr) 410 T Bl L
F£o0(18.23£0.25) mm, J& T AU, HAMHIROR:
FEE A B

(4) B JRhE /R R4H 2 SOD T
B AR i, BRAK/D R R 41 21 MDA K-, &
FEXF UVB fEH i B e, JErla Tl
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ARIC UVB i i A6 & BEE I T & 5
KT BAT RAF A B SR SRR, R R A R
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