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Effect of Different Extraction Methods on Content of Main Boswellic Acids in

Vinegar-processed Olibanum and Its Anti-inflammatory Activity
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[ Abstract | Objective: To confirm the existence of boswellic acids in essential oil and water extract of
vinegar-processed Olibanum, and to determine its optimum extraction method by comparing the anti-inflammatory
activity and the content of main boswellic acids. Method; Water extraction, ethanol extraction and steam
distillation-ethanol continuous extraction was adopted, contents of six boswellic acids in water extract, ethanol
extract and steam distillation-ethanol continuous extract were determined by HPLC, the anti-inflammatory effect

was evaluated by in vitro model of RAW264. 7 macrophages induced by lipopolysaccharide (LPS). Result; Four
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boswellic acids can be detected in essential oil with low extraction rate of 1. 73% -13. 02% and all of six boswellic
acids can be extracted by water. In the same extraction conditions, efficiency of ethanol extraction was optimum
with extraction rate of 81.09% -88.38% . Optimum ethanol extraction process was as follows: refluxing extracted
twice with 8 times the amount of 95% ethanol for 30 min per time; yield of six boswellic acids were >90% . The
content of tumor necrosis factor-a ( TNF-o) was (1.933 2 £0.422 9) pg-L ™' for ethanol extraction, (2.248 5 =
0.3322) pg-L~' for water extraction and (2.148 3 +0.534 3) pg-L ™' for steam distillation-ethanol continuous
extraction; their interleukin-18 (IL-18) contents were (23.22 +3.24), (25.53 +3.23), (24.32 +
4.32) ng-L~', respectively. Conclusion; The existence of boswellic acids in essential oil and water extract of

vinegar-processed Olibanum is confirmed. Ethanol extraction is superior to other extraction methods with the

strongest anti-inflammatory activity.
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FUA HLA I M I A LR Ak i R
Z UG A AL 7E 2015 4 i [ 25 30 Wie gk i
A B LA B 7w B ELAR A 0 SR I K B,
T il R B (ORE ) AR R ST AURE | A A i
AR A 19 J 4 (UKL ) 5 AT B9 R & B 4 BBk
QIR R T A I A URL AT T A R A AL T
I 1k 95 A% B R L PRSI D AR R AT
KRR R B R AGE R 5 1A R FK 28 78 ik
PRICH A &y, s Rk

FLAF IR 20 43S FL AT SR i o i e EE R
T B, T R L BT R IR % 2
WA WG PRI R0 #2 1 RBRE BT A o B9 R B FL A 44 i
HATE S Sra' aum' S m, nkk, —
5 24 25 R R Y R R MR R R WL
PR A LA R W W HROE o A X FL A K PR
AP ST ARS8, B ZR 5 A O T = S i FL A IR
o RN A, K WP I R 22 A2
MRS MR ALK R A PR . W
W A T LA i S KB R R E A FLAR
W2 ]G3, PRITAN ) £ ) v LA 2 1 4 10 8 B3
PURAEF 2R 3R BE 0] i G B, AR 5250 DL 3L
A 6 b LA B2 L0 14 Fit IR R i RO 1) Bt 4% 1 M
KR BR, L BOK AR | R MUK ZE R R4
it 5 S5 418 B 1 4 BORCER | A I LA 1) 4 BT 1k B
RS
1

1100 51 vy ROHAH 35 4% (56 [ 2 HE A A,
4 G1379A RIS ML, G1311A B PUIEEE , G1313A 7l
H sy, G1316A AI{HE 44, G1315B %I DAD &
M#%) ,CP225D A+ K F (FEEFE L R AW )
CJ-840 AUy ¥ TAE & (M i 5 i db iz 5T )

BB150 4 CO, % 3% 46 F1 Multiskan Mk3 5 [iff b {1
(3£ [ Thermo A H]) o

FLAEW T st s 25 5, 2 b st R 25 Ko
XA B2 % o O B Y 3L W Boswellia
carterii W K25 H AW AR , #%2 2008 4F iR (b 5t i Hh 2
RO MR AL ) A S P s - FL IR, B-FL B R L 3-
O -a-3 & TR Mo 3-2 T-B-3L & B2 % B8 i (26 [
Chromadex 72y &, #t 5 4 %] & 00002550-T9K,
000025550T9 A , 00002565-101 , 00002565-T9E , 4ii &
¥ =99. 8% ) 5 1145 He-B-FL A FR A 11-F% He-3- 2 1t
B-FL A RS JE At (o [ 2 A s IS B, 41t 2y
B & 111710-200601, 11710-200601, 4 FE ¥ =
99.8% ) , H 4l i K -18(TL-18) Fl i &g SR AL [N -
(TNF-a) 070 & (Jb st A BRI A IR AL i
43813 DRE20024, DRE20032) , i5 £ (LPS) 1)
Sigma-Aldrich 23 &), BUHC | R & A B IR 4 1 7
DMEM ( Gibco 2% #), it 5 1647116, 1853657,
1624110,752395) , Hly FE€ K FA (_F i B ) 3 49 D) e o
AR A BB 40 A ) it 5 20150312 ), 7K Sy i 21
K, SR AL, AL 2 S 4y B al
2 AEEER
2.1 FLAFMM IR HPLC 5E &5 Hr
2.1.1 {44 Agilent ZORBAX SB-C,, 5 i £t
(4.6 mm x50 mm,1.8 pm) , G shAH 0. 1% iz KIE
WCA) -2 (B) BB EEPE L (0 ~ 30 min, 60% B30 ~
35 min, 60% ~ 80% B;35 ~ 45 min, 80% B;45 ~
60 min,80% ~85% B ;60 ~65 min,85% ~100% B) ,
o U S BERE T 210 nm F1 250 nm, #1330 C,
Pl 0 mLemin ™' LA 1,
2.1.2 XMMESEERAEE 5 e-FLE R, B3
TR ,3-L W-a-FL & 1R, 3-4 ME-B-FL & R, 11-3Kk k-

.15 -



223 B 22 1
2017 £ 11 A

RESSEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 23 ,No. 22
Nov. ,2017

210 nm 1 ) 250nm5
A NS T W ;
N
1 2 5
B 34 A 6

N ¥ AV N

2 4
D 3 5
LA_A_,A_, ) A,/\./\._ a1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t/min

ALK IR B KSR C SRR IBOR D. A 5 1. - FL B R 2. B-FL B IR ;3. 3-L Bt -a-FL A TR 34. 3-LBE-B-FL &R ;5. 11 R IE-B-FL A& R 6. 117K

HE-3-2 BE-B-FLA R
E1 BRIAEAERREHN HPLC
Fig.1 HPLC of different extract of vinegar-processed Olibanum

B-FLA R A 11-J £ -3- 2 Bt-B-3L 7 IR 0 IR A 3 &,

R % FR E , P ) R BT R v B 43 S Dl 0. 166,
0.230,0.160,0. 104,0.162,0. 160 g+ L' [ i& & *f

LRl
2.1.3  HHKSIEW IR AT RS ELE K R R R

(i PUZ i) 0. 1 g K BFRSE , EHEE D, 6 % A
A 10 mLL, FRE B 8 7 A BE 30 min, 0%, R E
Jo i, R b AR Rl Y B, FEA) L 48 0,45 um
R ae, IBCE R, RIS o R % I A B RO A
T B GE AL R A), 4 0,45 pm AL BB e I, 15 4%
3 VAR

2.1.4 THHMEFELSE FHET AN ZMESH C,
35 A0S Xt P8 v A B I E B R e
1% Agilent ZORBAX XDB-C, (4.6 mm x 250 mm,
5 wm) ,Diamonsil C (4.6 mm x 250 mm,5 pm),
Agilent ZORBAX SB-C (4.6 mm x50 mm,5 pm) Ll
J Agilent ZORBAX SB-C;; (4.6 mm Xx 50 mm,
1.8 wm)  Z5 BRI T DL b 4 B 35 4% o il i) 45
BT i HE AR — B, RSD 3 <3. 0% , 43 B R AT,
2.1.5 ERVERRFLE R WIBGR S X ISR R
2,4,8,10,12,15,20 pL,# 2. 1.1 T T {435 25 440
SE o LA TE] AR R A A AR Al R O B AL R L 1R a-
HER,B-AFR,3-LW-a-AFMR,3-Lk-B-A &
AR, 113 JE-B-FL & R, 11-$ 3E-3-2 i -B-FL & R 1Y
BEHITFRE 59 Y =558.7X —4.03(r=0.999 6) ,
Y=240.1X +12.206(r =0.999 7),Y =465. 43X -
8. 11 (r =0.999 9), VY =558.5X + 5.52 (r =
0.9997),Y=1965.7X +4.3(r=0.999 8),Y =
1751.7X +15.3 (r =0.999 8), £k ¥ 15 Bl 4 51 Ay
0.332 ~ 3.320, 0.460 ~ 4.600, 0.320 ~ 3.200,
0.208 ~2.080,0.324 ~3.240,0.320 ~3.200 pg.
2.1.6 MEHEELE RS IR — IR A X B R

.16 -

W, 4% 2. 1.1 WUT 0335 Z5 R d A A 6 IR, 45 2R -3,
HR,B-AEM,3-L W -a-FLEFMR ,3- LW -B-FAL &R,
11-FRF-B-FLA R, 11-Fk 3 -3- 2 it -B-FL 7 1R 14 17 X
) RSD 4% % K 1.3%, 1.0%, 1.3%, 1.6% ,
1.7% ,1.4%

2.1.7 EEMWRE WESA TR AR 6 4, 4% 2.1.3
T J5 ik A A R, B 20 11 TR SR E
G - EFMR,B-ILEFM,3-LWh-a- AL F R, 3- L -
B-FLA W, 11-3k He-p-3 & IR, 11-9¢ £:-3-2 1k -B-FL
TR 0 & 4 B4 Bk 18.44, 47.62, 15,27,
24.51,6.37,42.16 mg-g ', RSD 43 %/ 3.0% ,
1.4% ,2.2% ,1.2% ,2.9% ,1.3% ,

2.1.8 FRoE ke IR —H i R, o A
#I50,2,4,6,8,12,24 h iz 2. 1.1 T F {00 52,
iR oI EFMR,B-ILEFM,3-LWh-a- AL EF R, 3- L Bt -
B-FLA R, 11-3k He-p-3L 7 IR, 11-3¢ ££-3-2 Tk -B-FL
TR W T L RSD 43 %k 2.9% ,1.2% ,1.4% ,
2.4% 2.1% ,1.9% ,

2.1.9 [ EaKs AL AR K2 0.05 g, 3k 6
0 NEERRE, S B INA - &R, B-FLEFMR,3-
L -a-A AR, 3- L We-B-FLAF R, 11-Fk 2 -B-FL A& 2
11-$FE-3- 2, W-B-FL 77 1R 1R A % R b 735 W3S o, 4%
2. 1.3 30T 7 vk i A Al S R 4 2. L1 TR
W, TF 58S 4 #E gk #2435 A 100.75%
100. 37% ,103.29% ,99. 44% ,100.72% ,98. 83% ,RSD
A 2.8% ,3.0% ,1.9% ,2.5% ,2.5% ,3.0% ,
2.2 RFIFREGE R 6 FEL R A S e
2.2.1 JKEEMGE WUESFLAE 10 g, KE B FRE, N 6
K AR R 2 9K, B k42 B 30 min, &, & O
TEWL IR R, WA A 24 I B EEO. 8 g mL T UK
W -

2.2.2 CPERBGE WEEFLE10 g MEMRE, M



23 B4 22 M)
2017 4£ 11 A

[l S5 56 77 7

Chinese Journal of Experimental Traditional Medical Formulae

F4eE Vol.23,No. 22
Nov. ,2017

6 ¥ 95% £ M A1 £ X 2 YT, BECHR L 30 min,
i, B IFUEW, N 95 % LWEE A, A Az 2 o vk
0.8 g-mL ") Z B HE UL

2.2.3 RZFAEWM-OWESREIGE WAL E
10 g, WEFRAE , A 6 FF K, R AIK 28 AR 1R 1%
S IR R, 4 b v I AGE B TG K B R Sk B K T
SR SR R 15 5 K P W g, 24 0 T BAOK vk
M, VWG U I, K E & TR, 5820, 4%
IKPE s 25 Ak 2200 6 A 95% & B 1] 3 42 K

30 min, JE, IR 95% L BEE A TR 55,
i+ SRR O

2.2.4 RESDUSE o3RO A R OB IS B %7
2.1 1 UR R INE T 6 Fh L & B iy i &
PRI = PGP A8 AR O3 SR/ RO R o)
i x 100% , $& B = 4 HOR %08 o 19 R/ 25 41
Jrdd, WA 1o 45 2R I s i ZL A 45 4 il b R i 3 4
P LA IR ALY, (R ARG . /K $ i 2L A IR 20 1Y
PR BRI, O BEAR BOE AR BOICR

F1 AERBAZWNHATTATHRASRMNERBRENZI(n=3)
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Table 2 Orthogonal test analysis of ethanol extraction process of six boswelic acids in vinegar-processed Olibanum
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i3 /min 3/ % /mg-g ! /mg-g ! /mg-g”"  FHE/mg-g !
1 6 30 65 1 16.28 41.75 12. 82 19.95 5.41 34.17 61.16
2 6 60 80 2 24. 64 63.20 19. 41 30.20 8.19 51.73 92.59
3 6 90 95 3 22.87 58. 65 18.01 28.03 7. 60 48.01 85.93
4 8 30 80 3 23. 81 61.07 18.75 29.18 7.91 49.98 89. 46
5 8 60 95 1 26. 45 67.83 20. 83 32.41 8.79 55.52 99. 37
6 8 90 60 2 19. 86 50.93 15. 64 24.34 6. 60 41. 68 74.61
7 10 30 95 2 26. 62 68.26 20. 96 32.62 8. 85 55.87 100. 00
8 10 60 65 3 21.37 54. 81 16. 83 26. 19 7.10 44. 86 80. 30
9 10 90 80 1 25.31 64.91 19.93 31.02 8.41 53.12 95.09
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xR3 GZEESNFTESN
Table 3 ANOVA of comprehensive score

UE 3 SS MS F P
A 220. 283 110. 141 7.437 >0. 05
B 85.550 42.775 2.888 >0. 05
c 954. 325 477.162 32.219 <0.05
D(iR%) 29. 620 14.810

f?IFo.os(Z,z) =19.0,
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2.4.2 4iffa¥Ez: RAW264.7 40 HH & 10% Jib 2k
I ) DMEM 5 3%, & 5% CO,,37 °C 1 FE B i
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a2 ~3 d 01 ke ez 3 54
T
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F£H 100 pL, BEHLSY M 25 (141,0.5 pwmol - L™ iy 58
KANZH (BHPEZ) , BE R $h 2% vh W (PBS,pH 7.4, F
[6]) B M 2H K A [m] A= 24 BT = vk B (5, 10, 25, 50,
100 mg-L~") fY R FL 7 A W 42 O 40, T 37 °C,5%
CO, B/ E 2 h,Lh 10 gL' LPS il # 40 fig
24 h >k M CCK-8 i &l BAFEAYE 3 A
2ol 45 R BE AL R OB B A 2 o WK
J¥ =50 mg- L~ B4 X6 40H 4 35 ) R
Ll U R N 7 B T A 2Tl i = A Vi
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71 1 W
2.4.4  RAE N TR BOX B4 KR

RAW264.7 My, 2 Bl iH 1L J5 , 7 2 & A i, A
& 10% 540 L35 ) DMEM 5% 35 2 op 1 i 25 19 B AR
.18 -

LB O R AR, 57 DS W, 1 2.4.3 TR ik
Ab B, 2050 43 0 E R A 4L (PBS) 5 AL 4
(10 pg-L™" LPS) M1 ZE K FA 41 (0.5 pmol - L™") K
BEFLAF AN ]2 O 2, A B b PR 58 f5 e BB,
e FH Tt BEK 52 W82 B 0 5 12k ( ELISA) A6 0 41 i 2% i DA
+ TNF-o F1 IL-18 W & i, BOHEAR R 3 K
fL, W4,

®4 TEEITES LPS i S# RAW264. 7 7= % TNF-a 0

IL-18 WM (v +s, n=3)

Table 4  Effect of different extraction method on production of

TNF-a and IL-18 in RAW264. 7 cells induced by LPS (x +s, n=3)

20 53 TNF-a/pg- L~ IL-18/ng- L~
= H 0.007 3 +0.001 3  22.23 +3.67
BEAY 3.372 2 +£0.234 9% 48.35 £4.93"
HiyFEOK A 0.436 3 £0.088 3*)  20.78 =2.75%
TR IO 1.9332 +£0.422 9% 23.22 +3.24%
KA 2.248 5+0.332 2% 25.53 £3.23%

KRR M- B SR UL 2. 148 3 20,534 3% 24,32 £4.32%

FE: S5 AHHEY P <0.05,7P<0.01; 5HAH HEY P <
0.05,YP<0.01,

3 itig
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T A 0 2 LA 4 R L IR AN o AR SE I A
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B H-p-A AR, H PR R YA (1.73% ~
13.02% ), ©.F TLC &% 45 8 Bon , 7L & /K Al
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KPS AT T =0T o

A A R IO WX B LA h 6 Fh
B2 A S T B, & B T R O 1 ROR
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R FL AR A 1 SR AR PR O K X T A LA
FHOC T B R B it 2%

A 5T A IS LA £ R OB S 1 L 4
HAFABEREE R . KEREW-L B
PRIBGE S T 45 Al i Y B, WO T B
W Ls, T — 2 B AR O, A SCR
HLPS %5 5 RAW264. 7 4ii Jfd B ik TNF- J¢ 1L-18,
XPAN AR B B P R IE M T IR . 45 RS
TR LA, 3 A 4 BT V5 T 45 42 Y Xt TNF-a il
IL-18 M TG XA B & 25 5 B CBEER BUE it &
VE IR, B 5 HoAth 2 A 58 B0y 25 e TC Wb 38 1k 22
5o RGBS SCERRGE 0 3L IR IS A RSB A T
Wratie—8C N R 2L B R A B AR B 1 b
Jei i BRL A A0 R /0N BRI W 0 M R T AR AR v T 5% T
PR B 5 P B 1 52 3 s ke A H R 45 4 25 4 W) T
WEZER . I A RE R T L A R 00 i i R
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