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Abstract: To elucidate the differences of material base of volatile oils from the leaves, aerial parts and whole part of Pog-
ostemonis herba and its correlation with anti-Candida albicans activity. The fingerprints of volatile oils were established
by GC-MS. The common peaks of the three oils were relatively recognized and cluster analyzed by SPSS software to com-
pare the fingerprint similarity and analyze of material differences. The anti-C. albicans activity was detected by double di-
lution method and the correlation with fingerprint was identified by grey relational analysis. The cluster analysis of the
other two oils was found to be divided into the same categories and the similarities were perfectly correlated , except for
the oil of leaves. Comparing with the aerial part,the whole plants had almost no change in the types and contents of the
components except the drastically enhancing of patchoulenone. The oil of leaves contained no patchoulenone. The efficacy
order of anti-C. albicanswas as follows: the oil of whole part > the oil of aerial parts > the oil of leaves, and pat-
choulenone had the highest correlation with anti-C. albicans activity. In conclusion, the use of the whole plant instead of
the aerial parts of P. cablin did not change the original components of the volatile oil, but increased the patchoulenone
content. Furthermore , it also improved the effect of anti-C. albicans effect.
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Table 1 ~Sources of P. cablin

Gi e 73 St ] e
No. Place of origin Harvesting Time Batch
1 JUAREROC W% B TR B R Sk 2015 4£9 J 20150901
2 PRI 4E B R ZE A 2015 4£9 20150902
3 JUAR IR WK moe (B Fh) 2015 4£9 A 20150903
4 JUARIAAR KL SR 2015 4£9 H 20150904
5 TR BOKE SRR 2015 4E8 H 20150905
6 JUARE B SRR 2015 4£9 H 20150906
7 JTHRIAE BOKE SR 2015 4E9 H 20150907
8 T ARAE FOKA AR 2015 4£9 H 20150908
9 JRIASR Sk B 2s A 2015 4E9 H 20150910
10 TARMAAE =W DR R 2015 4E9 H 20150911
11 JUHRIAE S s 2015 4E9 H 20150912
12 T RMAE =R DR 2015 4£9 H 20150913
13 PURBAEE LA BT 2015 4E 9 H 20150914
14 JUARWT R iR 2015 4E9 H 20150915
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JREFM (A 2.13% , M 4 2.33% , kR kR4 1.36%).25 5 (4 1.73%, b I 4
1.79% Y LUJ% 16 2 (W41 1. 73% M 41 2. 55% , 4 1.53% ,4ohk4] 1.58% ) .26 2 (4] 1.27% , b |-
PRE1 2.37% ) 20 2 (M4 1.24% Hb 41 1.33% ,  411.06% ,4Fk411.18%) .
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Table 2 Common constitutions and their relative contents in volatile oil from the leaves,aerial parts and whole plant of P. cablin

TG
e . ey I\Z;}ijji r ;E;@ii Average relative percentage (% )
No.  (min) Compound Formula MW 4 l’Lh,J;.iﬂ 2R
Leaf Aerial Whole
parts plant
1 14. 073 B-J 77 Js B-Patchoulene CisHyy 204. 35 1.32 1.28 1. 64
2 14. 715 B 7 B-Elemene CisHyy 204. 35 0.70 0. 86 0.61
3 15.651 a-fi#1#  a-Caryophyllene CisHy  204.35 0.21 0.23 0.20
4 16.319 B-i114f  B-Caryophyllene CisHyy 204. 35 1.12 1.33 1. 00
5 17. 640 - BIARM:  a-Guaiene CisHyy 204. 35 6. 40 7.12 5.60
6 18.566 o-] FEFM  a-Patchoulene CisHy 20435 2.13 2.33 1.79
7 18.823 (+)-F5ikds ( + ) -Cyclosativene CisHyy  204.35 0.99 1. 06 0. 88
8 19.502 [ 1f} eiﬁ ﬁené‘_‘;gzo [)7J'j’ Ol]lmll (ll(ffiff 8 CisHy 20435 0.13 0.19 0.12
o 20219 (ot T o) 1A Coctopapt T omlens CoM 20435 019 023 017
10 21.058 v-I FE# I y-Patchoulene CisHyy 204. 35 0.28 0.24 0.19
11 21.288 -1 R4 8-Selinene CisHyy  204.35  0.14 0.17 0.13
12 21.855 FiHi-(11)  Caryophyllene-(11) CisHyy 204. 35 1.21 1.22 0.85
13 22.417 o-Fi#E4  o-Bulnesene CisHyy 204. 35 6. 06 6.67 5.04
14 23.085 Selina-3,7 (11) -diene CisHyy 204. 35 0.16 0.17 0.14
15 24.524 i A &% dehydro-aromadendrene CisHy, 202. 17 0.48 0. 26 0.33
16 25.760 M E - - 1.73 2.55 2.37
17 27.359 M e - - 0.17 0.16 0.18
18  27.915 R Ke - - 0.70 0.43 0.67
19 28.429 BT oxide Caryophyllene CisH,, O 220.18 0.89 0. 65 0.90
20 29.156 R K - - 1.24 1.33 1.36
21 30.632 R e - - 0.29 0.45 0. 40
22 31.044 RUE - - 0.30 0.22 0.28
23 31.911 s - - 0.90 0.79 0.78
24 32.413 RUE - - 0. 81 0.76 0.72
25 33.237 U E - - 1.73 1.53 1.58
26  34.157 decahydro4a-methyl-1-naphthalene CisHyy 204. 35 1.27 1. 06 1.18
27  36.906 ERkZERE  Patchouli alcohol CisHysO 222,37 60. 90 57.13 54.96
28 40. 821 KU E - - 0.50 0.41 0.50
29  41.105 KU E - - 0.22 0.22 -
30 42.629 Mg - - 0.19 0.15 0.18
31 43.383 KT - - 0.61 0.43 0.55
32 44.656 J"7EFN]  Pogostone C,Hi 04 224.25 5.15 7.15
33 45.582 H:WEEE Farnesol CisHyO 222,37 0. 86 0. 86 0. 69
34 47.507 3,7, 11-trimethyl-2 ,6 , 10-Dodecatrienal CsH,0 220.35  0.25 0.24 0.19
35 48.860 R s - - 0.51 0.31 0.42
36 50.214 AHE - - 0. 40 0.23 0.36

TE: =7 ARIEHAE N 0,

Note:“ —” unknown or no content.
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Fig. 1  Cluster analysis dendritic diagram of fingerprint of Leaf Group( A) , Aerial Parts Group(B) and Whole Plant Group(C) of
P. cablin
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1.2.8 5K No. 1.2.8

9 SFE M No. 9 HE Others
9 SFE M No. 9 HE Others
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Fig. 2 GC-MS fingerprint of volatile oil from Leaf Group( A) , Aerial Parts Group(B) and Whole Plant Group(C) of P. cablin and

each reference fingerprint(R)
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Fig.3  GC-MS fingerprint of volatile oil from Leaf Group
(A), Aerial Parts Group (B) and Whole Plant
Group(C) of P. cablin
mon peaks refer to Table 2)
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P RE A4 €7 7 s M R g W NE e
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MY BLEERAR L, 2 A 35 A A I, B
K32 SALFIE()TETT ) LR KA 35 4>
G B S RR/IMG 29 SR IE

WAk, SH AR L, R TR, E RS
PR PS4 AR E A B s 1. 75% ) AR A R T
PR 4y A EE 4R 38.83% o AR S E
FRZEWE ) ZE A EAR B o S e BdE Wk 5
2.6 {kIMEELATE
2.6.1 ZiXAHBRHE

ST, AR 4 C LRAF 17D TG B [ 1
Bk b PR IR B R D B 2 RPMI-1640 5555 1)
11,30 CH555 48 h i H W THRBUERI . RH

x4 EEH M EBSMEREHRIFEL M CC-MS 55 EEHEME
Table 4  Similarity of volatile oil from Leaf Group, Aerial Parts Group and Whole Plant Group of P. cablin by GC-MS fingerprint

FHALLEE Similarity

FHALLEE Similarity

=) =}
i . A o 14 bkl (s s o 141 Spkal
No. Leaf (5 Aerial Parts Whole Plant No. Leaf (3 Aerial Whole Plant
cat Srotp Group Group eal Lroup Parts Group Group
1 0.993 0.999 0.989 8 0.989 0.988 0. 988
2 0. 990 0.998 0.993 9 0. 999 0.999 0.997
3 0.985 0.975 0.972 10 0. 995 0.999 0.984
4 0.999 0.999 0.99%4 11 0.999 0.990 0. 996
5 0.999 0.998 0.993 12 0. 986 0.998 0.993
6 0.997 0.991 0.989 13 0.999 0.999 0.99%4
7 0.999 0.998 0.990 14 0.999 0.999 0.997
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x5 EEHAMEEANEKARERRTENEES EEMTEHEANESE
Table 5 The average relative percentage of patchouli alcohol and patchoulenone in volatile oil from the Leaf Group, Aerial Parts Group

and Whole Plant Group of P. cablin

LRSI ey AHXSE o3 & AHXYE 2 &

04 Relative content( % ) W 4 Relative content( % ) e Relative content( % )
Leaf Group e R Aerial Parts Group P R Whole Plant Group e R
Patchouli alcohol  Pogostone Patchouli alcohol  Pogostone Patchouli alcohol Pogostone

1 58.30 - 1 56. 12 3.34 1 50.91 7.13

2 56.79 - 2 55.08 4.02 2 54.82 6.62

3 60. 81 - 3 53.75 12.32 3 53. 06 13.73

4 61.75 - 4 58.18 4.03 4 56. 17 6.34

5 61.95 - 5 62.21 3.40 5 58.80 6. 64

6 62. 89 - 6 55.90 7.39 6 57.38 7.49

7 60. 31 - 7 56.70 4.42 7 49.88 4.97

8 58.53 - 8 53.21 8.21 8 52.79 8.19

9 63.53 - 9 60. 16 3.69 9 55.69 7.72

10 66. 58 - 10 64.23 4.78 10 53.97 9.93

11 59.16 - 11 56. 89 2.44 11 54.41 4.58

12 62.36 - 12 54.20 7.16 12 57.24 6.67

13 59.49 - 13 56. 10 4.84 13 55.61 5.94

14 60. 15 - 14 57.08 2.12 14 58.64 4.09

SEY{H Average 60. 90 - SEYIH Average 57.13 5.15 SE-Y{H Average 54.96 7.15

STYHI TR ITEL, L) RPMI-1640 15 37 ik 85 1
WHeE %2 5 x 10°CFU/mlL,
2.6.2 A AERE(MIC) |2

HUICTR 96 Lk, THEHE 1 5 1L A RPMI 1640
KRk 100 L VEZS O IR 2 S5 L 430 Jon o A2k 8 R
ZRY) , RN Y B SR 200 pl;3
~ 12 5 LA e I 9 PR AW 100 pL, 2 ~ 11
SALE YA RS, 12 S L RN E K 100 pl, A
T AR R MR BURA W 100 WL 235 A
96 fLk . & LAY () B mt ) & i
B B TR A A R ) B AUk K U R 500,
250,125 .62.5.31.25.15.625 7. 813 .3.906 . 1. 953
pe/mL, &L E T 35 CHEFEM P IEFE 24 h
Je , 50 BRZH LA, WL 24 )0t 52 1 1 AR A 15
O, IR SR TCE M 3, B HE S A 3 9k, O
{8, B Ry 32 1T A9 fe /NI TRV B2 (MIC)
2.6.3 HRAR

IR AN 25 A HE &0 BB S R A
MIC fE L3R 6. 4559 7m0 BB (A R e T
PER/N AR AR > Ho L3R4 > 0, )RR A AR bk

FELMPT OSBRI ROR ek, A2 4825 T A7
PR AR 1 A R R CR WA, T T 6
SRR AL

2.7 IFEBTRAGAMUELRYRBEERSH
MBEEIHREEENKBXEKESH

2.7.1 XBEHE
2.7. 1.1 xR ditE

R Db B R X (EAZ gk Ab B, LA MIC {H
YERBERES] X, (k) , B8 T &5 RT 1% /9 8 g
F RN TP X (k) o SRR SR 4% 22 751
A (k) = | X, (k)-X;(k) [ o
2.7.1.2 SRFEERRB

RIR R BT W 2 A BT I RE T AR
JPHX, (k) 5T X (k) | A9RER R 2L Loi (k)
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F6 IEEM. M EBSMEREKIFL BT BIIKER MIC(pg/mL)
Table 6 The anti-C. albicans MIC value of volatile oil from the Leaf Group, Aerial Parts Group and Whole Plant Group of P. cablin

(pg/mL)
g3 MIC (pg/mL)
Group CMCC8001 Bl B2 B4
-4 Leaf Group 500 500 500 500
#1441 Aerial Parts Group 62. 50 125 125 125
4k Whole Plant Group 31.25 62.5 62.5 62.5

2.7.1.3 SRFWEE
S P EXAGORE S

2.7.1.4 XBEFE
BT HIT Rl —BEFFF1 A SR BEH R NI
2.7.2 #R

JRE AT AN TR 24 LA A Tl ) R 22 5 S

U SER TG TR MIC (EOCBEF L3 7, SC 4%
LRI R 5 0 OSBRI PERSCR DT I
AFG ; TT P BRI 5 BT 1 8 S O 3 PR A8 R DG Bk 2
B, FEY BRSO SR TSR SRR
(DL S Rm iz Rk ) g 32 >1>16 >
27>5>4>6>13,

RT TEBH. MBS MEREKIELMIFLEHES MIC ERXEF

Table 7 Relational order of volatile oil from the Leaf Group, Aerial Parts Group and Whole Plant Group of P. cablin components fin-

gerprint with the MIC value

X i W e
Relational order Peak No. Compound Correlation
I 3 | 75751 Pogostone 0. 765714882
2 1 B-) FERE M B-Patchoulene 0. 67808886
3 16 - 0. 669880299
4 27 B Bk ZEE Patchouli alcohol 0. 630561446
5 5 a-RIBIARS a-Guaiene 0. 617952637
6 4 B-£i 1144 B-Caryophyllene 0. 617897442
7 6 a-) FEFH K a-Patchoulene 0. 613655162
8 13 a-fiZE N a-Bulnesene 0.612139868
S . TR 550, B L AExt ) A 7 W
3 WRE4iR

ARSBGWEE T 14 HEA R - M) 22 A 2541, 73
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Syl S B AR L, 2 A ik 3 A
OB R, 1007 AR 2 A W 2 o ) A
A 1t 14 = TR 252808078, XU T B 4 Y
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y I O
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B, DA T 1 ] 78 A T R Y

JRE T AN R 24 AL AT S R T S5
SERFR QIR B 73 B 4 2R nl - T AE A it A
CUSERE TGRS A BT I 25 JH R A 3 DI AR G, H.
SRR SR RE TR H G IRE T T
ROR . G580 B IR AR A M i 1 SCRIE T L
SER AT ) FE A 1R HR > 25 A X T ™
WA S, fi R T IR, m] L2 ops i A 4
PR AT A 24 0 B JUHE K3 1) 285 FHIRRASL, SR
AT B ST A i ) R B R AR AR 5 4
R TR LR LG ERAL, P T 4™



782 KIRF=YIBE R 5T K

Vol. 29

A 25 08 o ) R R T T S BRI AR
[ ERF SN 0 T A 24 B BT USRS, AR TSRl
BRI T A, BA B R 5 5 B
Yo BV S SR X A A R T AR A R i A
M AE S 2R . BRI R 25 ingE T I
SURBIRIOR GBI TOITE o LA IR LA R A
DA ESBERCR SXUP =22 S SE P NELT)S S R TE S e S 1
EANEE S

&% 3k

1 Chinese Pharmacopoeia Commission ( [E ¢ 24 #. 7% 51 2% ).
Pharmacopoeia of the People’ s Republic of China ( Fi4E A
B L A [ 25
2015. Vol I ,45:397.

2 Wan F(Jjl§) ,Peng C(3Z %), Cao XY (E/NE), et al.

Antibacterial activity and mechanism of essential oil from

). Beijing: China Medical Science Press,

Pogostemon cablin against Staphylococcus aureus. Chin Tradit
Patent Med( 11 2y) ,2014,36:1376-1381.

3 Dai M, Peng C, Wan F, et al. Antibacterial activity and
mechanism of Pogostemon cablin against bacteria from milk
of dairy cows suffering with mastitis. J Anim Vet Adv,2012,
11.:3289-3297.

4 Gokulakrishnan J, Kuppusamy E,Shanmugam D, et al. Pupi-
cidal and repellent activities of Pogostemon cablin essential
oil chemical compounds against medically important human
vector mosquitoes. Asian Pac J Trop Med, 2013,3.:26-31.

5 Hussin N, Mondello L, Costa R, et al. Quantitative and phys-
ical evaluation of patchouli essential oils obtained from dif-
ferent sources of Pogostemon cablin. Nat Prod Commun,
2012,7.927.

6 Qi SS(FFHIM) , Hu LP (WM {E) , Chen WN (BRICHR) , et

al. Immunological regulation effects of essential oil in leaves

of cablin patchouli herb on mice. Chin Arch Tradit Chin Med
(PP EEZG2ET]) 200027 774,

7 Paul A,Thapa G,Basu A,et al. Rapid plant regeneration, a-
nalysis of genetic fidelity and essential aromatic oil content of
micropropagated plants of Patchouli, Pogostemon cablin
(Blanco) Benth. An industrially important aromatic plant.
Ind Crops Prod ,2010,32.366-374.

8 Jia XL(EHJHF),Xu S(5£=),Shi F(Jii2¥),et al. Re-
search progress of Pogostemon cablin. Chin Arch Tradit Chin
Med (H1EFREEZG22T]) ,2010,28 .2442-2444.

9 Zhao SL(B ) , Xiong L( 8875 ) , Wang ZQ( FHR5R) ,
al. Analysis of main antibacterial components in patchouh
oil based on constituent knock-out/konck-in. Nat Prod Res
Dev (RIRF=WI0E5E 5T %) ,2016,28 :707-712.

10 Li Y,Liang H,Chen H et al. Anti-Candida Albicans activity
and pharmacokinetics of pogostone isolated from Pogostemo-
nis Herba. Phytomedicine ,2012,20.77-83.

11 Luo JP(ZEEME) , Feng YF(E % ML) ,He B(fa[7K) ,et al.
IR BB A SE. Chin Med Mar( 1 2541) ,2005,28
1121-1125.

12 Chen XH( A7 4E) , Liu Q(X5%) , Chen XX (EN42%) et
al. Analysis and comparison of the volatile oil from different
parts of Pogostemon cablin(Blanco) Benth by GC-MS. J Lia-
oning Univ Tradit Chin Med (1L T WP EE 2§ K% H),
2008,10:127-128.

13 Luo JP(Z M) , Feng YF(H5JL) , Guo XL(SFIEFS).
Studies on volatile oil of root and Rhizome of Herba Pogoste-
monis. Nat Prod Res Dev ( KARFEWIWISE 577 %) ,2000,
12:66-70.

14 Zhu ST(RFFYE) ,Lei P(EEME) , Li X(ZEH1) et al. Grey
relational analysis fingerprint and hemostatic function of
Rheum palmatum L. Central South Pharm ( H1Fg 24 %% ) ,
2009,7:55-58.

(L% 740 )

25 Qi YX,Liu YB,Rong WH. RNA-Seq and its applications: a
new technology for transcriptomics. Hereditas ( Beijing ) ,
2011,33:1191-1202.

26 Baucher M, Monties B, Boerjan W, et al. Biosynthesis and
genetic engineering of lignin. Crit Rev Plant Sci, 1998,12.

125-197.

27 Chen YZ( 7K ) , Tan XF(EEEX) , David C. Lignin bio-
synthesis and genetic regulation. Jiangxi Acta Agri Univ,
2003,25:613-617.

28 Li L, Popko JL,Umezawa T, et al. 5-Hydroxyconiferyl alde-
hyde modulates enzymatic methylation for syringylmonolignol

formation, a new view of monolignol biosynthesis in angio-

sperms. J Biol Chem ,2000,275.6537-6545.





