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ABSTRACT: Objective To investigate the composition of the volatile oil of Dracocephalum moldavica L. and its
antioxidant capacity, and clarify the active substance basis and application potential of this plant. Methods The volatile oil
of Dracocephalum moldavica L. was extracted by supercritical carbon dioxide extraction method. The volatile oil was
systematically analyzed by gas chromatography triple quadrupole mass spectrometry. The percentage content of each
component was calculated by peak area normalization method. The in vitro antioxidant capacity of the volatile oil of
Dracocephalum moldavica L. was tested by cationic free radical scavenging methods, such as 1,1-diphenyl-2-picrylhydrazyl
(DPPH) and 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS"). Results Using a gas chromatography-triple
quadrupole mass spectrometry instrument, 24 kinds of compounds were identified from the volatile oil of
Dracocephalum moldavica L. Among them, the fatty amide type ER erucic acid amide accounted for the highest
proportion, and the types of ester compounds were the most numerous. Further in vitro antioxidant activity studies
were conducted on the volatile oil, indicating that it had certain scavenging effects on DPPH free radicals and ABTS
cationic free radicals, and the ABTS cationic free radicals scavenging ability [(median inhibition concentration,
ICs50)=1.44 mg/mL] was superior to that of DPPH (IC50=2.58 mg/mL). Through Ward clustering analysis, it was
found that the higher the content of ER erucic acid amide, the stronger the antioxidant activity of the volatile oil.
Statistical verification showed F=242 and (P<0.001), indicating that the differences in ICsy values among the 3
groups were extremely significant, presenting a gradient change characteristic of antioxidant activity from strong to
weak. Conclusion This research not only overcame the limitations of traditional extraction methods, but also
clearly demonstrate that the volatile oil of Dracocephalum moldavica L. has significant in vitro antioxidant activity. It
provides a solid scientific basis and reliable data support for the subsequent in-depth research and industrial
processing and utilization of the volatile oil of Dracocephalum moldavica L..

KEY WORDS: Dracocephalum moldavica L.; supercritical carbon dioxide extraction; gas chromatography-triple
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BHEATBR A HD).

SEPAREX-France #8 IIfi i — 4 1k 15 8 B (43 & 7%
SEPARATOR: S50)(#:E FRANCE ETUVES 7 H]); TSQ
8000 EVO “HH a1 — DU AT ST REBK FHAX . TG-5MS i
(30 mx0.25 mm, 0.25 pm)(3E EZEER CHIRBHL A RA
Fl); SpectraMax i3 BEFR BT [ TR () B IR A
A]]; BCE124I-1CCN HLF R[5 0.0001 g, FEZFIHR}
AR AL A BRA ], RT-02A 253 J7 GE Ry BEHL (R YL
IRUBHE AT BRA F)
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1.2.1 ol &

AR 2246 ZERA S B IR I | 35 (100
H), FHER B B4, AR T 5 BB TR AE
122 RIEF =Rk F B S

Z: M BB S0 2 5 PR RS VE B B, 3R CO,, R
N ZEFEBUREE 42 °C, ZXHUE 7 30 Mpa, ZEEUAE 1.5 he
I 30.00 g RFIUARE S AR N 28 PRI, TR T
BEH 2RISR, HRMSRITE AKX,

F/%=% x100% (1)

KA F O IG A R AE UL IR, %; ¢
NRERR UG RN T, g G AR BRI S, g
123 &MeiEis

TG-5MS i1 (30 mx0.25 mm, 0.25 pm), ¥ 40 °C
A8 1.5 min, PA25.0 °C/min BERFHEZE 180 °C, 7 1.5 min,
FELL 20.0 °C/min FHEZ 280 °C, {8 A} [E] 6.4 min, 53 [
1:20, #FFEHL 1 L,
124 Uik

FH, 245 3 A B 7 35 5 2 T (electron ionization, EI),
B FRIEE 300 °C, FBIibfEinZiiE 280 °C, &L
JLFE 50~500 m/z.
1.2.5 DPPH B w38 7 ke 3 3040 4R 20 2

2 BB HOKF" B 507 15w EE . DPPH 2%
RIRECH: MERAFREL DPPH 5K 3.94 mgCK5#i% 0.01 mg),
FAJEK ZBEBE A% 1 mmol/L i 4538, BEYCERAE; e FIRT#G
Bk 100 pmol/L . FEfAA: BHL 30 uL R E 96
FLEEFRAR DA 180 pL DPPH %K (100 pmol/L); X I
2H: B30 uL Rk 2 FEbRAR S E A 180 uL JoK 4B,
HMH: B 30 uL JoK L EEE AR A 180 uL
DPPH (100 pmol/L); £ 204% 5 B T = I AE N ke
N 40 min J5, FWLEEN 516 nm AbiE H S BREEE.
DPPH H 335 bR A WA (Q2)-
Dy —(Dy —Dy)

0

K : 0 DPPH A tHIEHIRE, %; Do has AROGEE(E,

Abs; D, WEESHSERE(E, Abs; D, JyXt BRZH W SERE(E, Abs.

0/%= x100% )
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FREL 0.0961 g ABTS ¥R £ 25.00 mL &8I, A =&
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T BREREMA TR ECH]: FREX 0.0331 g i HERAN 2 50.00 mL

AT, IMAZYOKEM, 4% 50.00 mL,
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W% 1:1 (VIREYS, BGEYE 12~16 h, MARTAIKS

FEAGRE, RS 734 nm AEIRSEREAE 0.70+0.02 TEREIN, #5H.
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K Bl ABTS FHE T H HILIEBRE, %; By HEH

HWSCEE(H, Abs; By NEEHAMOLEE(E, Abs; B, FXTHRAL
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OriginPro 2021b 5E%, AHICHERIE Kz [ml )i SPSS 26.0
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Fig.l Total ion chromatogram of volatile oil from Dracocephalum moldavica L.
#z1 BFEZIEWMMERIIR S S
Table 1 Component analysis of non-polar extracts from Dracocephalum moldavica L.

75 AR Y LA R =y FEA A /min - AN S /%
1 M 2 PR TR acetate phytol CyHy0, 11.27 1.48
2 A 3,7,11,15-tetramethyl-2-hexadecen-1-ol CyH400 11.55 0.57
3 PR 2 g palmitic acid ethyl ester Ci5H360, 12.20 9.36
4 +-L R 21 ethyl heptadecanoate C1oH350, 12.75 0.57
5 FHEE phytol CyH40 12.88 2.47
6 iR 2. TR 9,12-octadecadienoic acid ethyl ester C,oH360, 13.13 14.77
7 WP JFRFR 2. TR linolenic acid ethyl ester CyoH340, 13.17 7.89
8 AR IR £ Bg stearic acid ethyl ester CaoHy00, 13.26 3.91
9 L2 R H i R 1,2-dipalimitin C35HgsOs 13.77 1.03
10 #HERE vitamin E C,oH500, 13.89 1.23
11 A PO PO R R R 6,9,12,15-docosatetraenoic acid ethyl ester C,3H350, 14.04 1.55
12 J-13-— e d5 BR cis-13-eicosenoic acid C,oH350, 14.11 1.53
13 19-F L — e iz 1 g 19-methy-eicosanoate C1Hy0, 14.23 1.01
14 X ER 5 tricyclo C30H5,0; 14.70 1.48
15 E A% 3-ethyl-5-octadecane CyHsy 14.79 1.72
16 IFER TR ethyl erucate C,4H4605 15.24 4.19
17 W g ethyliso-allocholate C,6H4405 15.30 0.94
18 ¥ =0 R trilinolein Cs7Ho506 15.84 0.52
19 S {5 campesterol CysHysO 16.05 3.45

20 2 2 trans-geranylgeraniol CyH3,0 16.57 0.74
21 IR stigmasterol CyHi0 16.79 1.92
22 %Eﬁ@%ﬂ (z)-docos-13-enamide C,,H4;3NO 16.96 24.62
23 AT 8- A B I 3-acetoxy-7,8-epoxylanostan-11-ol C3,Hs404 17.10 1.03
24 gty a-sitosterol CyHs50 18.48 12.06
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2.3.1 DPPH & vy 2 iF ik & 2 - B0 b iR Bl 2

DPPH faE A/ H 0 A M &, Hfe iR T = R0t
PR G2 RN BN . TEZ AR, DPPH EIREE,
AW T 516 nm AbAAFFAESR UL M0, 200 B 6 e
SIHTREERT . MHEERIMAE N B B R BRI A DPPH %
W, Hogd SRt —-H 74 DPPH HHMH M, {ff
HR JFoA TG @ DPPH-H, A4 Wt B AR Ak e 5 174k
H H G BRAE 1o LI 45 R BoR, DPPH ¥ i35 % Y 2k
TR, TR R 5 SO0 M AR IR 2 B, AR 22 4
& 100 mg/mL i &AL 10.0, 5.0, 2.0, 1.0, 0.1 mg/mL 5
AMFEWERE T, 17 DPPH A HILEREE e, &
TAZ] 96 FLARME S f5, BEbRA AT AT RE o B — 2 vk
FET AT 3 (bR 2238/ F 4%) 145 DPPH A 375 bk
RN 92.97% . 65.39%. 35.41%. 20.17%. 7.29%. M
BHE R AT DL, Vi A 25 e A AU P 3 o, RBE R
IF - R R o AVREE R F AR | 1 R 2k R AR
17 Logistic It PG, 95% BEAF X 0] 4 35 T A LI 50 A,
TRBLA LSRR R, A E R=0.994, B
TS S A O R R M 99%, BIA R R ., HE—2
THE A5 H 2 200 i ¥k B (median inhibition concentration,
ICso) 2.58 mg/mL, RBHIZHE K TH 16 &5 v 4 i [l R ]
SEIEBUEBRACR, BT AL B A AR Y B RS BR AR
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K2 % 44%kM DPPH A HAERE
Fig.2 DPPH free radical scavenging rates of volatile oil from
Dracocephalum moldavica L.
232 ABTS M & T 8w kAR F R 1Cs M E
ABTS 25 fb/E iR € I ik (4 ABTS BH B 7 A i1 2,
15 734 nm ZEARAIESRISCE o EHE LA B B R
A, m ABTS fflrs 7, (iR JCOFaE " 1, FHE
W AT IR DY B8 T e, e WO AR A BT A A 4R
WX ABTS FHES 1 H i ZERITEBRAE . 1E ABTS FHE T H
HIZEIEBRSC e P (K] 3), & 2 R R B I 5 1
TEERIEYE . 76 10 mg/mL BUEBRIE T, iHERARIET] 99.56%,
JUPSEBLSE A BR, Wos X ABTS BHE 1 A di R =

B RIRE ] o B BT B % 5.0, 2.0, 1.0, 0.1 mg/mL
FraREER, R — R T OPAT 3 Wil ABTS FHESFH
LA BR RN 88.21% . 54.81%. 27.52%. 9.32%. Al
FEL B BEOME . ABTS FHES T [ H 2L T5BR R btk 1 7+
R S BB R, Logistic BEIA)F R*=0.997, #I4&
FERG S 95% {5 X [R]85 T Bl A, 256 B0 INbRifi 22
{8, BUE T SCI AR A AT S . 15 1Cs [0 1.44 mg/mL,
T DPPH SZH0 45 R, RUIZIE L IMXT ABTS FHEF H H
TR

100 -
§ /
% 80 +
&

i
B 6ot
H
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N 40l
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=
2200 /
m
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Fig.3 ABTS cationic free radical scavenging rates of volatile oil
from Dracocephalum moldavica L.

AL E 25550, B 24 & % DPPH H ik
ABTS FHE T A RS HA R ERRE N IERAE S, HREE
8 2 A B 1 T R RN P, e R 10 mg/mL
B, X I BRR o BIA B s . ABTS FHES T H Hi 5t
T 55 T 0 44 2 T P R VA A T S R A A e 35 A )
N, FN AT, DPPH H HIETE BRI IR A T B A1
PESR, TR E M AR B NS PR RZ . ABTS BHE
S E H %L, #H R DPPH 322K 125 [l S BEAZ I, X 4544 52 4%
M EFNEAR N T, ABTS FHES R AR & M . [7]
ff, DPPH A H B BRIEFAEN (516 nm) 5y 5248 &l rh
BRESITTI, 1 ABTS BHEF A HEEELRZ (734 nm)
BT HRMESESR . S5 RRE, HE 28R EA ERNPUA
TBIEE, AR At — 2 5 R R s S
233 HMEARXAEE ST

Wl Pearson HHCHHTHY EE B4 5 T A AL TR AR 2 [R]
FIFASERERE, B Ll-1-48, —1~0~+1, 255% BRI imL i
K5 1Cs B3R IEAR S (=0.98), 5G] 5L 5 2 67 A ¢
(r=-0.94), $&7R R IWTERE B FE BT A AL ML o T R4
KEEf e, HAh, 5255 DPPH. ABTS FHE T [ BB
R R EAHE N 0.96 5 0.95), HEBHHTEY AL
AR A B DT . M Z T, AR . Gk e+
FS S S B R Z (R AR DG B 5, 2R BH LBt Sk v
M EEE AR, W%k 2.
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Fz2 WO S5SXIstRMIE X ERE (Pearson)
Table 2 Correlation matrix between components and antioxidant indicators (Pearson)
DPPH HHf ABTS ¥ ICso (ABTS FH S
A FULR  hekek [ B+ MR mEREE . . ICso (DPPH
e e AR e pasemgs (O OPPD )
HHLER 1 -0.05 0.41 0.38 —-0.42 0.43 0.42 —0.40 -0.39
e —0.05 1 —-0.33 —-0.30 —-0.35 -0.32 -0.31 0.33 0.32
FES 0.41 -0.33 1 0.46 ~0.94 0.96 0.95 -0.94 -0.93
P+ 5 0.38 -0.30 0.46 1 -0.40 0.44 0.43 —-0.41 -0.40
Jig 7 P e —-0.42 -0.35 -0.94 -0.40 1 -0.97 -0.96 0.98 0.97
DPPH [ &
e 0.43 -0.32 0.96 0.44 -0.97 1 0.99 -0.97 -0.96
R
ABTS RIET A 0.42 0.31 0.95 0.43 0.96 0.99 1 0.96 0.97
I B R ' ' ' ' ' ' ’ '
ICso(DPPH)  —0.40 0.33 -0.94 —0.41 0.98 -0.97 -0.96 1 0.98
ICso (ABTS [HES
S - 0.32 -0.93 —0.40 0.97 -0.96 -0.97 0.98 1

MUt &, EPEiTE g, 8B 23S A
K%, TI4EE ER J7 R e 7 5 TR e A Ab i T s R 1)
H#E.
234 FRpAe=a R4

A MR, L) DPPH B i 5 R N K2 &,

I 107 T e 5 T S A hy 000 A B 1 AASETRY A 22 T AL ik
G I PO g O W OR B R LA B R (RP=0.983, T 3K
R*5q=0.978), F }j 261.3, P<0.001, FIIBIRHA G145
Moo B Wi Tt B 0 A% e AR B R B0 -0.92, T H-14.0,
P<0.001, {7 H AR R A 0 1) SO FH, D B T ok A 4% dik ek
1, 1Cso BRAIE, THFRAE S BR . FRISH B 0.12, HAHXTAL
AN, AR HA B2 M (P=0.048), R L AERIRI R ] — g
HiBhYER . 7 229 K [H F(variance inflation factor, VIF)Z] iy
1.06, 6B AR & ] 0 2 d L2 vk n) i, BRIk AT, L
3. ULINZBRIS B R, PR, BRI

POE TERRRIOCHIN R, B RECH-0.92, H124 T 7w A1 m
— AN, i 0.92 RN RBUT RS, XA
=, BREMFEIESSM, HE—L 50 AR RIS
235 KRIERELSH

SR IR B IR 20 X B Al B A7 43 20, A 40 B I Tk e 25
EOBRER R I =REULEE 4, SR RGN 05 TR Y B
Bk 24.6% . 15.6% 5 11.5%, i 1Cso (DPPHYRYCH 2.58 .,
2.95 5 3.68 mg/mL, ICs, (ABTS BHES T35k 1.44, 1.72
52,18 mg/mL, E2IHHBHMEAN, FEMERD
7N, TR UG e 7R AN R 3R 26 () 22 S 4 BB 3% (F=242, P<0.001,
7=0.97), BEBZ A 1ERE S IR B A A AR REAL, B 5904
TR TG PE 2 R AE B ORI o AEBT B ALTE A IE P, 1Cs0 BEAIE,
BRE LT 50%H0 AR TR 0 Bk BB A%, B
SRIHLAELTEE . BIL, BRIWMERE & e, Prafbid:
TR, TR S I AT 1) 2 T R AN D R

#* 3 ZELEVARB(FZE: DPPH BHEERE)

Table 3 Stepwise regression model (dependent variable: DPPH clearance rate)

T A% JEbr il B Wik B t P BB VIF
HHL 222 — 0.91 0.42 —
JIE I3 T e -0.071 -0.92 -14.0 <0.001 1.06
Mg 0.63 0.12 2.1 0.048 1.06
T —FR T EE
F4 REBRLEREH

Table 4 Ward clustering results (three groups)

ICso (ABTS FHESF)/

RE 0 ARY%  LEE% fi/% Jit+ 5 B/ % REWIiMERE /% 1Cso (DPPH)/(mg/mL) (/L)
mg/m

1 3 0.60.1 1.7£02  48.8+2.1 19.5%1.0 24.6+0.1 2.58+0.04 1.44+0.02

2 4 0.620.1 17502 30.5£1.5 19.240.8 15.6+0.9 2.95+0.07 1.72+0.05

3 3 0.620.1 1.740.2 18.3+2.4 18.9+1.0 11.5+1.3 3.68+0.12 2.18+0.09

W &0 N8t F=242, P<0.001, #°=0.97,
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i 1oL IR AR IS (Ward) /W R BEE 'Y, F A EG 25 411
ERBHEAZRWGR, R TIRAE, 3 3 A
PEM 5 5 A 22 B AN R BE AL IR 22 1 Y, HERR T REHL IR 22
SHEOZES R RTRENE, BRI S B2 R R, W
ICsp MRREARA L 3, HE— P HRE T &35 22 AT
TE 4 ER FFRRTE M0 5t AL RE 1 520 (3%

3 4 i
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