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Study on the emotional soothing effect of two limonene-based
compound essential oils on PMS mice
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Abstract: The aim of this study was to investigate the emotional soothing effects of two limonene-based compound essential
oils on premenstrual syndrome (PMS) mice. A progesterone withdrawal (PWD)-induced PMS mouse model was used, and
the mood-relieving efficacy of the essential oils was evaluated by assays of serum corticosterone levels and animal behavioral
experiments such as the open field (OF) test, elevated cross maze (EPM) test, and forced swim test (FST). The results
showed that compound essential oil A contained 61.96% limonene,10.41% linalyl acetate and 8.48% linalool ; compound
essential oil B contained 52. 12% limonene,18. 17% linalyl acetate and 15. 86% linalool. Intraperitoneal injection of both
essential oils showed significant anxiolytic effects in PMS mice in the OF and EPM tests. In the FST,both essential oils signif-
icantly reduced the percentage of immobility time in mice and demonstrated a significant antidepressant effect in PMS mice
(P < 0.01). Essential oil A at 100 mg/kg and essential oil B at 200 mg/kg was the most effective , with significant anxiolytic
effects at this concentration tested by EPM (P < 0.05). In serum corticosterone level assay, essential oil A showed the opti-
mal effect on the reduction of corticosterone in mice at 200 mg/kg concentration,and essential oil B was more effective than
essential oil A at 100 mg/kg and 200 mg/kg concentrations , and significantly superior to the high concentration group. In con-
clusion, both essential oils produced significant anxiolytic and antidepressant effects in PWD-PMS mice, and the limonene in
both oils may be the main contributor to this effect.
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BB RS LA B I e] SR A, AT PWD 4, i R I
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1 PMS /A PR X G2 ShEE B LS T 50% ZeAq, %o

AINERAE P e DX 3 BA D A R T 4R Flx 4.
S5, A OF P b, MG i 10 519 T A VR BE 1)
K A RS B 2555 PMS /N R 7R S — AR B 1Y
P ERCR s b 200,500 mg/kg AF i B #1500 mg/
kg KM A BURCR B AT PRPEZS AR A AT
B 41/ AE OF T3 p i 2 BLOL FRG il A 4 H LU
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Table 1  The effect of two compound EOs on mice in the OF test(; +s,n=5~6)
- rh g X rh g X
AN e X 3 o - :
Wiz -4 " . " BN T EA I
Total distance moved . Ratio of distance Time spent in
Group Squares crossed Entries to the .
(m) moved in the central area the center area
central area
(%) (s)
CK 27.92 +1.28 148.80 +7.48 15.00 +£2.28 11.39 £1.51 21.25 +2.88
PWD 24.45 +2.39 129.00 +15.70 8.20 £2.52 8.57 £0.80 17.13 £2.10
Flx 28.43 +0.88 149.60 £4.38 13.00 £1.10 11.44 £1.70 20.55 +3.82
Al 26.23 +1.62 141.67 £11.09 13.00 +£2.75 11.57 £2.07 19.07 £3.09
A2 25.29 +2.08 137.20 £12. 14 9.67 £1.99 11.22 +1.75 17.78 £3.38
A3 27.40 £1.78 151.00 +13.42 14.83 £4.24 12.62 £2.78 22.31 £5.43
Bl 25.85+0.89 130.20 £3.97 11.80 +2.31 11.13+2.10 18.93 +£3.71
B2 29.34 +£1.72 153.40 £10.69 16.50 £2.79 13.17 £1.70 24.44 +2.95
B3 26.19 £2.27 152.83 £14.10 13.50 +1.43 13.13 £1.15 22.29 £2.75

2.2 FEHTE EPM K AR/ R R0

WE 1 s, 76 EPM i b, B8 v 3 BT A vk
FERSE TR A RS B 4% PMS /N ERFER LT 4T
FEIEVEA . & la 1b Al UL A% T PWD 4, £ ¥
FERRG I A RS B 41/ R AE EPM iy Bz 3
FE B AN $E TR T Flx 41 (B &4 22 0] 25
SR (F(8,39) =0.914,P >0.05) ; 5 PWD 4
(620 mm) A E, r A5 #R B AR o A FIDRS T B 2475
/NERTE T L 2 sh iR s A $ TR, Hop Al
ZH (1708 mm) F1 B2 ZH (1 659 mm) B3k 5] g K1
(P<0.05),

A le.1d. le AT L, 5 PWD 4040 Fb , Jiti F 45 Tk
JERRE I A FUR I B Y4 /By OT  OE Al
0T% (BZX /NI OE% 1% A B 40U (F(8,36)
=1.367,P>0.05) (VLA 1f), Hr, Al 24/ OT
1 OT% 1y #2& T+ %R & 4, 43 %l Sy 37. 65s Fil
14.06% , #4535 5] i E K F (P <0.05) , H ik & B2
2, 0T 1 OT% 435 33. 16s F1 12.38% ; .4k, B2

/N OE B 275 F PWD 4 (P <0.05) , Hik
JE AL 4R A2 4] HAUR AR (P >0.05)

453K, 78 EPM 3 rh, I8 3 55 100,200
500 mg/kg M kG M A FORG T B 4 BEREAIL PMS
/N £E K, Hoh 100 mg/kg Kl A Al 200
mg/kg K5Il B I B WP EEIER (P <
0.05),
2.3 FEHHBTE FST xR AV R

WK 2 7, 78 FST i, ANOVA 255K 0T, i i
HESAFIREE 5 7 kG0 A RS B 342552 ma /)
S ARl A 3 b (F(8,43) =3.339,P <0.01),
5 PWD 4 (43.87% ) #H Lt , A1 411 B1 B2 B3 4{/]y
USR] B 43 LB B R R (P <0.05) , HY
T Flx 41(33.91% ) ., Hd B2 43R R b, N
23.21% ; Hik & Al 41,/ 24.50% 5 D | 2 4H %0 A
ST EE 2 LA RSO B2 T CK 41(23.92% ) .
HRYEF )5 Duncan £ 55 A9 25 58 | [a]— A6 T2 v B2 28 /)N
SR AS B[] B 43 L o B 3 22 5 (P >0.05) {HKS
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Fig. 1  Effect of two compound EOs on mice in the EPM test(x +s,n=4~6)

B ARVNG FRAR TR B A FR L 59 2 [8) A7 AE B P22 55 (P <0.05) , R[], Note:Different lowercase letters represent significant differences
between the different treatments groups (P <0.05) ,the same below.

i B AR RO TS A, b B2 A A S
[ 53 R E AT A3 4H(P <0.05)

S5HERWY, A FST v, @ VE S &2 5 i A il
K B % PMS /N B B 0 A BT AR YR (P
<0.01) ,Hr1 100 mg/kg ¥57H A F1200 mg/kg KM
B R AT

50% u
40%
30%1 pe
g 20%

10% A

eahi ] 71 43 EL
Percentage of immobility time

0%

C""fxxoﬁ\*v-‘\»”v?’e‘é"&

B2 WMEFEHI/NRTE ST H
TN ) E 5 L BOBA (x £ 5,n =4 ~6)
Fig. 2 Effect of two compound EOs on mice
in the EPM test(;is,n =4 ~6)

2.4 #5im AN ML B2 R ER 7K T B 500

W 2 s ARG ANOVA Z5281 i i 151 100

200,500 mg/kg M JAEIH A FIRG I B 354 B 5
M) /N BP9 2 J5 ) 5 it (F(8,37) =8.030,P <
0.001), 5 PWD 44 F1 CK ZHAH Fb , BT A ¥ B8 A il
A FURE I B A1 /)N B I R 0T I 5 2 38 R RIS
(P <0.05) ; Hrr, B2 214 il v 7 o il 5 e e A1, H:
*2 WHEFEHMNRNEERASE
HE4ME (x +5,n =4 ~6)
Table 2 The effect of two compound EOs on serum

corticosterone levels in mice(x +s,n =4 ~6)

M09 B S 2

égjii Serum corticosterone
content ( ng/mlL)
CK 110.17 +11.74™
PWD 132.52 £16.07*
Flx 66.61 +13.25%
Al 63.78 +13.86
A2 52.68 +6.52"
A3 69.39 +9.53
Bl 43.52 +£6.67¢
B 41.06 =3. 141
B3 89.62 +10.78"
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U B 41 A2 410 AL 41, D)1 4 HMET Flx 4.
FJ5 Duncan #3045 W , K0 A 251k E 41/ R
4 ML 37 B2 JB T 2 1 TG 3 25 5 (P > 0..05) , {EURS Il
B v B3 21 () L3R R 5T I 7 i B e R T O AR A
RIREERZH (P <0.05)

SEILF AE T K B KT L R )
W EE B T R Th A FIRT IR B 37X PMS /)N ER R I
B AP AR IS RCR (P <0.001) , Hook§ i A 78 200
mg/ kg YR I 28R B 4, R T B 7E 100 mg/kg i1 200
mg/ kg WRFEERPSCRAE THEH A, B WAR T vk B

2.5 FWMEFBHLERS DM
2.5.1 A #d AFERY S

SOTRE I A IR SOE 39 R R MY, o5
KIS 1) 98. 42% , ELIR B4 KA E 4 % i
HOF sk 3 fon . b Frig 2 E ki A A
X H 3 i (848, R 61, 96% 5 H R AHXT A
I3 e iR 10.41% B R D5 REER A L 8. 48 % (1) )5 i
Fist; 55 40 R A A B R 1% 1 322 A
FE AT (2. 75% ) A 4 (1. 56% ) | a-J8
(1.30% ) FIF&wHEE(1.14% ) .

x3 EFFHANEELERSREMNSE

Table 3  Relative content of the main chemical components in the compound essential oil A

=2=] % CAS AHX £
No. Component Relative content( % )
1 FEiEH Limonene 000138-86-3 61.96
2 LBRI5HEE Linalyl acetate 000115-95-7 10.41
3 F5 R4 Linalool 000078-70-6 8.48
4 MR Thujone 000546-80-5 2.75
5 H AL Myrcene 000123-35-3 1.56
6 a-JEH a-Pinene 000080-56-8 1.30
7 FE0FEE Geraniol 000106-24-1 1.14
8 - . a-Terpineol 000098-55-5 0.88
9 4 2,1 Phenylethyl alcohol 000060-12-8 0.67
10 B-VEH B-Pinene 000127-91-3 0.64
11 ZFRFEAENR Neryl acetate 000141-12-8 0.64
12 K Eucalyptol 000470-82-6 0.63
13 ¥ 6L Nerol 000106-25-2 0.57
14 2R M T Geranyl acetate 000105-87-3 0.57
15 - HF a-Humulene 006753-98-6 0.55
16 TR Citronellol 000106-22-9 0.55
17 MU 5 T g Isobutyl angelate 007779-81-9 0.54
18 M 7i5-3-F FL IS 3-Methylpentyl angelate 053082-58-9 0.52
19 207 Sabinene 00338741-5 0.48
20 -1 i i y-Terpineol 000586-81-2 0.39
21 45 2-F 3L Tl 2-Methylbutyl angelate 061692-77-1 0.38
22 M5 Camphene 000079-92-5 0.37
23 2-H 3L 2- T I -2- 1% % Pentan-2-yl 2-methylbut-2-enoate 063473-51-8 0.29
N %7 2N
2 2 Butcoos sl 2ol et 2ropent ener, (-
25 XF =442 p-Cymene 000099-87-6 0.24
26 B-7K 4 B-Phellandrene 000555-10-2 0.21
27 3-¥H 3-Carene 013466-78-9 0.19
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214% 3 ( Continued Tab. 3)

Frs Sy CAS AR B
No. Component Relative content( % )
28 AR R F 8 Methyl anthranilate 000134-20-3 0.18
29 B-1i 74 B-Caryophyllene 000087445 0.18
30 ZR VK F TS Bornyl acetate 000076-49-3 0.13
31 B4 Ocimene 013877913 0.13
32 i 59147 Terpinolene 000586-62-9 0.12
33 (-)-RA-HAFFHBE () -trans-Pinocarveol 000547-61-5 0.10
34 B-ili 4 2 B-Terpineol 000138-874 0.09
35 1,2- /&35 1,2-Dihydrolinalool 018479-51-1 0.09
36 FH L TR 975 2 -3 - FF KL IR 3-Methylpentyl methacrylate 113615-00-2 0.06
37 ST 25T HE Tsobutyl isobutyrate 000097-85-8 0.06
38 -G 7, BT y-Terpinene 000099-854 0.06
39 S TR -2-F1 KL% i 2-Methylpentyl isobutyrate 084254-82-0 0.06
e 98.42

Total content

2.5.2 A Ik BAE RSO TR (15. 86% ) , He vy 5 dis (1 A0S 25 40 IR TG 3

WS4 FroR AR TJOR N B P ARS8 R AL TS P A AR ORI A kA, RSl B
KT, ARG S I 1 99. 71% o fil B **ﬁ RS & B T 1% B9 Lo ik G A5 P By (1.35% ) |
XA R AR AT 3 M-S Y SR A AR, 2 ARER(1.30% ) K -1 (1.21%) .
BRI (52.12% ) | L5 1R (18.17% ) F157

x4 EFRFHBEEAFRSRENSE

Table 4  Relative content of the main chemical components in the compound essential oil B

7= % CAS A
No. Component Relative content( % )
1 ¥ Limonene 000138-86-3 52.12
2 RS HEE Linalyl acetate 000115-95-7 18.17
3 F5 M Linalool 000078-70-6 15.86
4 F+Fz i Paeonol 000552410 1.35
5 A Myrcene 000123-35-3 1.30
6 B-Fi 4 B-Caryophyllene 000087 44-5 1.21
7 - % a-Terpineol 000098-55-5 0.95
8 ZRHEAC TG Lavandulyl acetate 025905-14-0 0.82
9 RAB-L W (E)- B-Famesene 018794-84-8 0.77
10 3-3fifil 3-Octanone 000106-68-3 0.64
11 % 7 Ocimene 013877-91-3 0.60
12 J2 X -B-F ) trans-B-Ocimene 003779-61-1 0.56
13 4T i T Terpinen4-ol 000562-74-3 0.48
14 o-JE M o-Pinene 000080-56-8 0.47
15 ZR A Geranyl acetate 000105-87-3 0.44
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%32 4 (Continued Tab. 4)

Frs Sy CAS AHX 5
No. Component Relative content( % )
16 LBRIEAERR Neryl acetate 000141-12-8 0.34
17 JE i Borneol 000507-70-0 0.33
18 124 Sabinene 00338741-5 0.33
19 1-2F45-3 -2 IR G 1-Octen-3-yl-acetate 002442-10-6 0.32
20 B Geraniol 000106-24-1 0.29
21 LIRS Hexyl acetate 000142-92-7 0.28
22 FEA L Lavandulol 000498-16-8 0.28
23 B-7K 'k B-Phellandrene 000555-10-2 0.26
24 Fie i Eucalyptol 000470-82-6 0.20
25 THRCHE Hexyl butyrate 002639-63-6 0.15
26 a- 1874 a-Santalene 000512-61-8 0.14
27 3-3¢E 3-Octanol 000589-98-0 0.13
28 A4 ALY Linalool oxide 001365-19-1 0.13
29 ZR-3-3 WM 3-Octanol , acetate 004864-61-3 0.12
30 % Octanal 000124-13-0 0.10
31 B-JE)E B-Pinene 000127913 0.09
32 1-34%-3-1% 1-Nonen-3-ol 021964443 0.09
33 3-E 4% 3-Carene 013466-78-9 0.09
34 W Cryptone 000500-02-7 0.08
35 X ApAEke p-Cymene 000099-87-6 0.08
36 1-Cfi# 1-Hexanol 000111-27-3 0.06
37 i S Terpinolene 000586-62-9 0.06
38 TR Tl Hexyl butyrate 000109-21-7 0.05

e

'1‘0{3 'cﬁem 99.71

3 i EER

T PWD 5 5 1 PMS /I BUBERE 5 35 47 9 2
S S L3 1 R R 2 00, S T PR A R
%k PMS /NG 25 4728 Th3k, 76 OF Wik fil EPM
S b ST R e PMS /s B2
Y5 10 0B S 1 P L FLYY B 85 /N BLZE OF A1 EPM
PGB SN, 7 FST MR IS Vi 56 B )y
WA RE 2 WA /N B R 3 0 ] 743 1, 3 PMIS
AN B W1 8 B AE P, 24 2 TR
100 mg/kg 74 AR5 A 1200 mg/kg 715t K
B B AT . AT, AT OF ik, pi
PR 7 EPM 554 B2 B0 14 5 B 3 B P A
Tl 1 AR 2 [ 1 25 S R 53 41, s i
PSR PR B 20 B T U™ 2R R — e
OF A7l EPM A5 {1 5% FE 11y 77 66 7745 X 51 ( EPM
SBPER B G I ) | DR M S B 4l 0 R
B b BT

Wi 1 20 4 i Y B 5T R — A B AR Wk
Wy, 5 5 R IEA 0 L R R R R
SRR, 5 PWD 41AH Eb, I s 3 5 B FR 42 7RG T
YA RE 5 B/ IN BRI Y8 Bz B 5 2, R B
MIPTEEEVERT, LR il A FIORS Tl B 34 7E 200 mg/
kg 3 & A A Fe FERCR , RS B a9k BE A X T
ILYR R 5T I A B A R SR B R T e Wk B AL, BB
PO AE v B B AT P AR B ROR B . X5 Zhou
2122 SR o /N B LL T 6 25 6 14 5 TR B 5%
HORS IR R FHASCR — 250, A 2 RS T e 3 v 2 SR
FUELLT, AT RE SR i A FR AL A 6, (A — 4
PRT o RIS, A0 SRS TS, RGN 28] 1f 35 Hh Rz SO e 1)
T NI R AN R R E ] T R SR
B 7 A B e A A2 U T 2 TR YR B
S SRR, AR R AE ML 4R, W T
ZHNZE AR HER.

EAAT M2 IR SG S UL A P A A D RS Tl Y e
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B 7 FST i HT AR ECR B AR 0 T4 A, (B D8k
P2 HEMDX AN SOR LRy 25 57 T RBJE B T AR
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