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Abstract: Objective To compare the chemical composition and antibacterial activity of the volatile oils from Forsythiae Fructus
(FF), Schizonepetae Herba (SH), Menthae Haplocalycis Herba (MH), and their compatibility, and to explore the influence of
different extraction methods on components and antibacterial activity of volatile oil. Methods GC-MS was employed to analyze
the composition of the volatile oil from FF, SH, and MH extracted separately, and their mixture extracted, as well as physical mixing
volatile oil of FF, SH, and MH extracted separately. The diameter of the inhibition zone and the minimum inhibitory concentration
(MIC) were measured using the paper agar diffusion method and micro dilution method. The antibacterial activities of volatile oil on
four common pathogens of respiratory tract were evaluated. Results When FF, SH, and MH were mixed and extracted, the main
obtained components and contents of volatile oil changed. Compared to separately extracted volatile oil, eight new components

emerged, seven components from FF and seven components from SH disappeared in FF and SH mixture extracted volatile oil. In FF

Ugks HEA: 2018-05-21

BEEWE: L P EAREREFIFRE (2012FC004)

EBEN: kD7 (1991—), 2, fEEmL, WHFI7 AP 2R ZMHTHOR . Tel: 18779172997  E-mail: 765637319@qq.com

«EEEE B O, #d%, WLAESIN, By AP B AR EOR . Tel: (0791)87118658  E-mail: zhengqin912006@163.com
o M, #aR, WA, BT R 2RI R AR . Tel: (0791)87118658  E-mail: yangming16@126.com



. 2846 ¢ ¢ 34 Chinese Traditional and Herbal Drugs 35 49 % 25 12 # 2018 £ 6 A

and MH mixture extracted volatile oil, compared with separately extracted, six components from FF and eight components from MH
disappeared, and eight new components emerged. As to SH and MH mixture extracted volatile oil, four components from SH and seven
components from MH disappeared, and seven new components emerged. In the three herbs mixture extracted volatile oil, six
components from FF, four components from SH, and two components from MH disappeared, one commom component of FF and MH,
two common components of SH and MH disappeared, however, nine new components emerged. The content of pulegone significantly
decreased in the three herbs mixture extracted volatile oil compared with that in separately extracted. The antibacterial experiments
showed that the antibacterial effects of the volatile oils obtained by different extraction methods were different. The antibacterial effects
of volatile oil extracted separately and their physical mixing volatile oil on Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa, and Candida albicans were better than that from mixture extracted. Conclusion Volatile oil is an important effective
component of Chinese patent medicines with relieving exterior syndrome function. Different extraction methods have a certain influence
on the yield and composition of volatile oil, which ultimately affects the efficacy of drugs. Therefore, we should pay more attention to
extraction method and process of volatile oil in these prescriptions.

Key words: Forsythiae Fructus; Schizonepetae Herba; Menthae Haplocalycis Herba; GC-MS; antibacterial activity; volatile oil;
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a-volatile oil of Forsythiae Fructus b-volatile oil of Schinzonepetae Herba c-volatile oil of Menthae Haplocalycis Herba d-volatile oil of Forsythiae

Fructus and Schinzonepetae Herba e-volatile oil of Forsythiae Fructus and Menthae Haplocalycis Herba f-volatile oil of Schinzonepetae Herba and

Menthae Haplocalycis Herba ~ g-volatile oil of Forsythiae Fructus, Schinzonepetae Herba, and Menthae Haplocalycis Herba
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Fig. 1 Total ion flow diagram of volatile oil from Forsythiae Fructus, Schizonepetae Herba, and Menthae Haplocalycis Herba

extracted by different extraction methods
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Table 1 Analysis on volatile oil of Forsythiae Fructus and Schizonepetae Herba before and after compatibility

e s CAS AT RixT i e
gl biiELy pE I PAS U
1 B-5 ) A M 028634-89-1 CioHy6 2.79 — —
2 3-4 W EE AN 002867-05-2 CioHy6 — — 2.40
3 TR A 007785-70-8 CioHys 19.58 — —
4 I JiE-a- TR I 007785-26-4 CoHy6 — — 16.40
5 Bk 000079-92-5 CyoHyg 1.10 — 1.00
6 2-p-TE A I 000555-10-2 CioHyg 17.37 — 13.16
7 B-IR)F 000127-91-3 CioHig 43.30 — 38.72
8 1- 3 45-3- I 003391-86-4 CgH 0 — 0.73 —
9 HEES 000123-35-3 CioHis 1.85 — 1.96
10 2- )% 000554-61-0 CyoHyg — — 2.00
11 o-AEIE 000527-84-4 CioHy4 4.82 — 0.72
12 A e M 005989-27-5 CioHyg — 5.00 —
13 KA 000138-86-3 CioHig 3.05 — —
14 il 000470-82-6 C1oH ;50 0.46 — —
15 i it I 000099-85-4 CioHys — — 3.12
16 T it YA 0 000586-62-9 CioHys — — 0.89
17 1-26005-3-BE TR I 002442-10-6 CyoH 50, — 0.44 —
18 ST I 000547-61-5 C1oH,60 0.69 — —
19 St A i 000491-07-6 C1oH ;50 — 43.58 —
20 P i 030460-92-5 C1oH,0 0.56 — —
21 L 17 i 014073-97-3 CyoH 0 — — 0.93
22 AR 000089-80-5 C,0H;50 — 2.71 3.92
23 SoRaing 001490-04-6 CoHy0 — — 1.36
24 S5 - 57 5 8 A 029606-79-9 CioH,;0 — 1.43 —
25 (—)-4-Th it T 020126-76-5 CyoH 0 3.10 — 5.90
26 o-FA i B 000098-55-5 C1oH ;50 0.38 — 0.99
27 B A 000089-82-7 C1oH,60 — 40.02 3.07
28 TR s 000491-09-8 C0H,40 — 1.12 —
29 BT 001139-30-6 CsH40 — 1.38 —
30 FRAER 000057-10-3 C16H3,0, — — 0.52
31 o-thujenal 1000139-63-3 CyoH140 0.95 — —

(16.40%) Fl 2-p-Fifaf — I (13.16%), &R MFK 1.
O - AT VR B AT A Y 0 21 A, %
S HFERVERLSY 19 Bl b IR 90.4%, 5 i
S 96.90%, HoH 11 MR R MR AN B 2
1%, FEHB-TRM (35.46%). JEMM (16.00%). B-
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Iy 16 Fh, (O iEsEr 84.2%, R MEE 95.36%,
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Table 2 Analysis on volatile oil of Forsythiae Fructus and Menthae Haplocalycis Herba before and after compatibility
e s CAS S MR
1 B~ I R MM 028634-89-1 CioHi6 2.79 0.31 11.78
2 3-SR AT 002867-05-2 CioHy6 — — 2.33
3 TR I 007785-70-8 CioHg 19.58 0.70 16.00
4 B 000079-92-5 CioHyg 1.10 — 0.89
5 2-p-TEff I 000555-10-2 CioHyg 17.37 — —
6 B-IR i 000127-91-3 CioHyg 43.30 0.75 35.46
7 JERER 000123-35-3 CioHy6 1.85 0.32 1.71
8 T vt VR 000586-62-9 CioHyg — — 1.68
9 o- A kE 000527-84-4 CioHys 4.82 — 0.59
10 A e I 005989-27-5 CioHyg — 1.80 —
11 WU 000138-86-3 CioHyg 3.05 — —
12 il 000470-82-6 CioH g0 0.46 — —
13 T i I 000099-85-4 CioHyg — — 2.63
14 ()-4- 4 029050-33-7 CioH — _ 073
15 AT T 000547-61-5 C1oHy O 0.69 — —
16 ik IR 000089-80-5 CyoH;50 — 11.90 1.75
17 Fa s I 030460-92-5 CioH,40 0.56 — —
18 L 4a1 014073-97-3 CioH g0 — 2.92 0.81
19 L7 002216-51-5 CioH0 — — 11.38
20 TH AT B 015356-70-4 CioH0 — 34.28 —
21 (—)-4-1H5 S TEE 020126-76-5 CyoH;50 3.10 — 5.06
22 o-FA T 000098-55-5 CioH g0 0.38 — 0.81
23 E R 2-3- O ) T 035852-46-1 C11Hx0;, — 0.37 —
24 HH A B 000089-82-7 CioH;s0 — 14.52 1.00
25 e e 002244-16-8 CioH 1,0 — 0.63 —
26 EH AR 000089-81-6 CioH;s0 — — 0.85
27 LR AT e 000089-48-5 C12H,,0, — — 0.83
28 DL- P& i B 016409-45-3 C12H,,0, — 7.93 —
29 -7 ) 000087-44-5 CysHy, — 1.16 —
30 ANATTIR 001139-30-6 CsH,,0 — 1.31 —
31 o- B R AT 000481-34-5 CisHy0 — 0.39 —
32 iy 000057-10-3 C16H3,0, — — 0.61
33 o-thujenal 1000139-63-3 CioH,0 0.95 — —
FXT BRI 1%, EEHN B-IRMG (27.66%) Hifir  ZAFMIZER K#ERELEFHE VLR,
B2 (19.18%)+ A JiE-0-TEM (11.09%), R MF 4. 322 HIRGREASRIUE R MR Bk |1

R T JRITT ERIRITT . R
3 R - A R EE SR 3 - YA 9 A 2 R o7 P 0
SCERIR BN B X R, BTEAR AR B —
ZE5, TTRE S JEARH R A RUE L B AR KRR M

AL ERROTREIREUS, JERM BRI R
XU T RSy o FITTERSEMAT TG L S AT
LGN W 2 B I s 2 R 12 D
R BEAR . B 8 Fhs): 3-7 M A A JiE-a-
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Table 3 Analysis on volatile oil of Schizonepetae Herba and Menthae Haplocalycis Herba before and after compatibility

FAR & 8/ %

Fag (A= %ix CAS Vans i
il AT biilpiat ¥t

1 TR 007785-70-8 CioHyg — 0.70 —
2 B~ I R 1M 028634-89-1 CioHy6 — 0.31 —
3 B-IR M 000127-91-3 CioHy6 — 0.75 —
4 1-3F 4753 003391-86-4 CgHy 60 0.73 — —
5 JERE= 000123-35-3 CioHy6 — 0.32 —
6 A5 e I 005989-27-5 CioHyg 5.00 1.80 1.14
7 1-345-3-T% LR 002442-10-6 CioH 50, 0.44 — —
8 S YA 000491-07-6 CioH g0 43.58 — —
9 T 4T B 010458-14-7 CoH,50 — — 3.74
10 ik IR 000089-80-5 CyoH;50 271 11.90 14.93
11 L 4a1 014073-97-3 CioH g0 — 2.92 —
12 YA B 015356-70-4 CioH0 — 34.28 47.90
13 3-S5 ) VA 029606-79-9 CioH;s0 1.43 — —
14 AT T 000619-01-2 CioH ;g0 — — 0.81
15 LR YA 004920-99-4 CpHig — — 1.33
16 E R 2-3- O ) T 035852-46-1 C11H20;, — 0.37 —
17 HH A 000089-82-7 CioH;s0 40.02 14.52 7.01
18 e e 002244-16-8 CioH 1,0 — 0.63 0.90
19 HH AR 000089-81-6 CioH;s0 — — 3.49
20 LR A T 000089-48-5 C12H,,0, — — 436
21 DL- P& A s 016409-45-3 C12H,,0, — 7.93 —
22 THLART A T 000491-09-8 CioH 1,0 1.12 1.32 2.20
23 -7 ) 000087-44-5 CysHy, — 1.16 2.19
24 KARAF M-I 023986-74-5 CisHay — — 1.69
25 AATTIR 001139-30-6 CisH,,0 1.38 1.31 0.82
26 o- B R AT 000481-34-5 Ci5Hy0 — 0.39 0.59
27 iy 000057-10-3 C16H3,0, — — 2.26

UM 2-BEMR S WEARG L WAL LA
TN ] e SR e Sl S WV L S AL R AT TR S 22
HB- I ERARR AL O 3- R R, IR ALy
FJie-o- kM AT R A A A D - A

M 2 IR, ER-HATR G R UR, Sk
FAE TR 2-p-THEAT —JA5% 6 Pl o AT R
AV EATIESE 8 Rl ). W ATER A & B
TR FE. B 8 Ry 3B L WE AR
A (0-4-BE . L-FATIE . IR 2R AT
e BRHEIR. b 2 Fhstisd B SR A AT R :
VAT AT I R O LT . DIL- TRV A I
FA N IR T g o

W3 3 AR, RO -EATIR A IR UR, RIS
S AT R 5 4 Bl s A BRR IR SE T P
WA M A & T R R BT 7 Ry LR
VERTEE . L-MEATRE AT (A RN LR, W
MR RARAE I BRREIR . Ferb 2 Fhsesy th o4
SERIFEAC TR : IR o AR S e P AT 4y P 1K) L
il B A T B, TR DL- C IR A Bt
LR AR -

HIZE 4 WP, R T - IR A RIS, &
ARG IR« ANF IS 6 Rl sy, T Bk St v
S 6 FhELTy, WEATERR a-FERE AT AE 2 MK
g3 EERUAN AT AT O SRR IR 1 B, IR AN
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Table 4 Analysis on volatile oil of Forsythiae Fructus, Schizonepetae Herba, and Menthae Haplocalycis Herba before and after

compatibility
. o AERE 5/ %

s " A I T
1 3-F 0 AT M 002867-05-2 CioHi6 — — — 1.54
2 JE FE-o-JR ) 007785-26-4 CioHys — — — 11.09
3 IR )G 007785-70-8 CioHg 19.58 — 0.70 —
4 B 000079-92-5 CioHys 1.10 — — —
5 LT i I 005794-04-7 CioHys — — 0.65
6 2-p-HiAe 000555-10-2 CioHi6 17.37 — — —
7 [ 000127-91-3 CioHi6 43.30 — 0.75 27.66
8 1- 3453 003391-86-4 CsH, 0 — 0.73 — —
9 H W 000123-35-3 CioHy6 1.85 — 0.32 1.33

10 2-BE I 000554-61-0 CioHys — — — 1.21
11 o-pAE SR 000099-87-6 CioHys 4.82 — — 0.51
12 A5 e s — M 005989-27-5 CioHys — 5.00 1.80 —
13 XU 000138-86-3 CioHi6 3.05 — — 226
14 R -yl 000470-82-6 CoH;50 0.46 — — —
15 Tty ot 45 000099-85-4 CioHy6 — — — 1.92
16 it it YH O 000586-62-9 CioHi6 — — — 0.54
17 1-37J5-3-1% LR R 002442-10-6 CioH;50, — 0.44 — —
18 AR T 000547-61-5 CoH,60 0.69 — — —
19 S T AT 000491-07-6 CyoH,50 — 43.58 — —
20 FATS Fr 030460-92-5 CyoH,40 0.56 — — —
21 ik 15 000089-80-5 CioH,50 — 2.71 11.90 5.16
22 L~ 17 ] 014073-97-3 CioH,50 — — 2.92 1.52
23 Vo Ay B 015356-70-4 CioH,00 — — 34.28 19.18
24 2 2 5 ) 74 v 029606-79-9 CyoH;60 — 1.43 — —
25 (—)-4-Th i B 20126-76-5 CyoH,50 3.10 — — 4.19
26 oA T B 000098-55-5 CyoH;50 0.38 — — 0.61
27 TE R FR -3 - U e 035852-46-1 Cy1H,00, — — 0.37 —
28 0 A 000089-82-7 CyoH;60 — 40.02 14.52 3.22
29 A5 e 2 - i 002244-16-8 CyoH,40 — — 0.63 0.51
30 AL 000089-81-6 CyoH,60 — — — 1.44
31 DL-Z. B 1 g 016409-45-3 C1,H»,0, — — 7.93 1.45
32 17 475 T 000491-09-8 CoH,40 — 1.12 1.32 0.68
33 1-A 1T ¥ 000087-44-5 CisHyy — — 1.16 0.73
34 KR M 023986-74-5 CysHas — — — 0.58
35 AT W 001139-30-6 C,5Hp,0 — 1.38 131 —
36 o-FERE 000481-34-5 CsHy0 — — 0.39 —
37 KRR 000057-10-3 Ci6H3,0, — — — 1.57
38 B2 I EE MU 028634-89-1 CioHis 2.79 — 0.31 9.20
39 o-thujenal 1000139-63-3 CioH140 0.95 — — —

il A B SRR A TR A 2 Fo I I AR

3.3 MEFEMEMNE

TEPE TR B 9 Mgy 3-FmENE.
WE-o-PRM  L-FEAN I 2-B8 MG M AR A O
BAMOEE . RARE MR AFAIR . o 1 Ay AL
A S A B AN R+ 2 SRR AN YR A v ) 9 A4 P A R 7 -
o-JR M o

M 5 ATHn, FSRTR AT 4 Rk 00 E RUR
U I VR RN o - v AT TR A PRI R NS 4
WEE R KGR S e isIER,
HAR SRS 4 BB A A R e -
HAst T &3 O A BRI ST 1, 0 R
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Fz5 FBEAZHAOIETEE (X Ls,n=3)
Table 5 Antibacterial activity of each volatile oil (X s, n=3)
a1 PR P B % /mm
SEOE A PN R SRR SEIRAT B
HEMER (A 18.670.65 11.6740.58 13.33£0.58 15.00+0.23
FITF S (B 11.334+0.31 11.00+0.50 12.67+0.58 13.674+0.21
MR (O 12.3340.58 9.67+0.58 12.00+0.50 12.67+0.25
HEF-RITIRIE (D) 9.00+0.50""44 10.00+0.50"* 9.004+0.50%***  10.23+0.26"°**
HE-EATIRIE (B — — 10.67+£0.53%2* —
FITF-HEATRSR (P 10.33£0.584** 11.00+0.87* 12.67+0.58 9.98+0.3244*¢
TR -EATREE (G 8.671+0.58"44*¢ 9.67+0.58°"*  12.33+0.58 10.67£0.29°244
L VIR EA (D 12.00+0.80" 11.67+0.58" 15.00+0.87" 8.90+0.13"
. MATRIRRSG (D 11.6740.49 11.6740.58 14.3340.58" 10.78+£0.21
FITF. AT RIRRS (D 11.3340.65 11.67+0.58 13.3340.58 11.3440.24"
L ROY. EATERERRS (KD 11.67+0.58" 12.00+0.30" 12.67+0.58 10.2340.19"

5 AL “°P<0.01; 5 B AHHE: “P<0.05
TP<0.01; “—” LAME{EM
““P < 0.01 vs A group; P < 0.05

extraction group; “— indicate no bacteriostasis

R SR A 2, PR >15 mm, #Hdg
TRATER AN BIIEA > 10 mm, HANE PRI 2
FIRAHRBEE R MR (P<0.05. 0.01). XTK
WA B, BRFIT. AT RIRIR A SR AR &
7e S, AR AR RN B AR IR TR G4 E
R (P<0.01). XFFHEESERE, 8. A
el AT AR S AT AR TR AIRI (P<
0.01) 0 VRFEFE KI5 AH N B R AR B, FIBE A%
BE 2 (P<0.05. 0.01), HEX- ARG, BXH
BRI RS, X oAt 3 BB TR AR -

44p<0.01; 5 C AR *P<0.05

44p < 0.01 vs B group; *P < 0.05

**P<0.01; 5% HRARBIERMLE: "P<0.05

**P < 0.01 vs C group; P < 0.05 P < 0.01 vs corresponding mixture

) MIC i /N TR A FE 0, MR SR . 15/
BRI X < v €0 ] R T AT T BRI G, MIC
4 0.78 uL/mL, FHEIR A 5 MO 4 2 € %) BR B
AR ORI AT, T B R S R B R . LR AR
R 5 BB VR A 5 R I K T AT BRI B A AR
FEAR, T IREGTRIGE R o BRAE R M L
TRAFE R M A G SR E MR IR ZEZA KR, T
TR A PRI M o £ FE IR0 5o 40 U AT BT P 4100 B A0SR
DNERE AT SRR AR R B I - VR A S U
R R I AF, MIC ¥4 6.25 pL/mL. FREEREFT

3.4

NRXEREFNEZIELAME MIC

M 6 AR, X 4 PR, AR IR A

%6

w4k, MIC I 45 555 25 14 5 i 100 T B0 e 4

FEAR—H

BIELHAY MIC (X £5,n=3)
Table 6 MIC of each volatile oil (X s, n=23)

MIC/(uL-mL™")

KR

IR SREMARE | pheE | AGakE | G
U IREER TS 0.78 6.25 1.56 6.25
FRIFF L pE 12.50 12.50 3.13 12.50
SRRk 3.13 3.13 3.13 6.25
T -TEAT IR R 25.00 12.50 6.25 6.25
HER IR TR R 50.00 12.50 12.50 25.00
- AT TR AR 50.00 50.00 50.00 12.50
FRITT -V AT - T VR AR 50.00 25.00 25.00 12.50
HIFT . T AR A 12.50 3.13 3.13 12.50
R, TR E 6.25 6.25 1.56 50.00
HE. AT RIRRA 3.13 3.13 1.56 12.50
FTF e R ERARIR A R 25.00 6.25 3.13 12.50
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4 1Tig N HE RN BRI 2 TR R B SR R T —

HER-FRITT L ER-TAT | R-IR T-EAR A R
B RCAT S O E B . KR AW. A6
ERB S SR BRI RS R 55 T H SRR & 5
Ko, WRE SR G RPURIAE TR AT
J T3 RV SRR LB A T A AR G 5 B 3 T A O
AT I A A, TR R, TR
R4 T 2R R A 4 i X T R AT R B . KR
A T~ SRBAT IR L 2 B 2 BR B LA i 8 1 244
—SE IR . PR AR LR B R R
PR R B AR B OSBRI
FUR 575 AT A o 5 2k 21 25 PV 72 R B,
A B o r SR R ) < € B R A
R TTIR. RIS ORI, B AT R
RAAETIAT M, 2RI R A E T2 A
WP FE At 22— o R - VR 45 S A2 A T 0 T K
RECRIRIBE 2, Wi SRS IRE. B-IRM
SR BRI B WA A B R R R dEaR
B, B-IRME B BRI B IOTE R, a-JRAS A 40
[l ISRERTSZ SR (AE

ARSHKH GC-MS X REM, T Hr
AR R I o M FERCATL e By B AR AR AT 23 T EE
B BRI S AT S SRR A AL 7 o) b
BT A, I e R BN RN
JLIR) 4 FhEUH E AT RCR . SO ARSI J7 R
SRHBUT AN 2 Fhal 3 FZG PR G AR AR
TG BRI ZE R o AN TR IR AR A S A
PIRNEVERRIR G RORZE, MRS S RIH
)T R E VIR, RFRER 2 B SR, X

SEMIZH, RSB A 5 S R R R & . P
Ub, ARG R AR “Hi)” 20 Al AL AR
g~ MBEREVER 2RI, AR R AT
R ELEATS, RO I BAOGE «
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