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AEREXAE 13 I EFEBA D S ET IR ERMAR

Fiag !, ok X, RIRW2, £ OFE2, BiFAE2 FRE? REMY, THRY
1. REMHE—HOER 2558, RE 300192
2. REFERSR PEEMBESHIAAT, LR 100700

 OE: BW XA AR AE 11505 -B- AL AR (11-keto-boswellic, KBA). 3-ZBk-11-83E-p-FL &M (3-acetyl-11-
keto-boswellicacid, AKBA). MiEFEIFR. P-MEEIEL . tsugaricacidA. 9,11- LS -0-AFMR . 9,11-FE-P-AEFR. o-AFRK.
B-AFMR. 3-4F-9,11-EH-a-AEMR. 3-LBE-9,11-EE-B-ALEMK. 3-4W o-AFM (3-acetyl-a-boswellicacid, a-ABA) #ll
3-4.Fk B-ALFMR (3-acetyl-B-boswellic acid, B-ABA) 13 MAFIRK > & &AM, TR RIS A0 & &AL, %
RESAEBREA PRGN, YRR AFRXIBINE . ik S A F R E A ah e R AL, BT m St e
TR B = PO A B (X (UPLC-TQ-MS) @37 13 Rl &R AL & 8 Jrid . KA Acquity UPLC BEH Cis (4 itiAE (100
mmX2.1 mm, 1.7 pm), LA 0.1%H & +5 mmol/L ZF&E K R-0.1% T L LIS NI BIAH, B6 & BEM, 4R & 0.3 mL/min,
IR 40 °C, FiRERA HmIE 5 TR, £ &M (multi-reaction monitoring, MRM) #xX; 37 5 £ ¥ S B W40 i i1
SOEAMMBAL, @i ELISA VR EAE . BEAE. Bk G-ZB-9,11-XE-B-AEFR) MAE+ ik (3-28-9,11-K5-B-3
L) X 9 REAH SR 7 MR SR FE A F--0. (tumor necrosis factor-a, TNF-a) FI4HME/-F&-18 (interleukin-1B, IL-1B) LK IL-6
BIRom . £55R  BEES SO T S s s e ] K, AR MERR . B-HERIIR. tsugaric acid A\ 9,11-EH-0-ALEFMRK-

9,11-EE-B-AEFMR. 3-0-9,11-EH-0-AEFR. 3-L-9,11-FEE-B-AEFMR. a-ABA F1 B-ABA 9 MAEFR & & Tl & 1
K, T KBA. AKBA. o-AFEM. p-AFM 4 MRS REECRERE K, Hrb 3-245-9,11- 24 -B-AFM & B AL IR K.
SRR E 51 IR A AR A i T M B RN R 5 o LA RRIE L & B S BB 5 Lo 450076 0% FUE B & 5 0 R AE R F 4
WHIEF R, 3-28E-9,11- X4 -B-AF MR Won I B MH SR 1 Gt 518 IRERMMAFTPAE RS
TURHEERNER, SEARRBESEWER. 3-08-9,11-EE-B-AFRSETEK, ZWSHEEENPREHE, [
RE AL ARSI A R R —.

EHA: AE; B, ILEMR: PiA; UPLC-TQ-MS; ELISA ¥ 11-BREE-B-ALERR: 3-2E-11-5RE-B-AFMR; MERR,
B-MiA& IR tsugaric acid A; 9,11-ZH-0-FLEM;: 9,11-HE-B-ILEMR: «-AEMRK: B-ILEM: 3-LBE-9,11-LF-0-AFR:

3-2E-9,11-FEE-P-AEMR: 3-2H a-FLERE; 3-40E B-AEMR
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Abstract: Objective To establish a UPLC-TQ-MS method for the simultaneous determination of 13 boswellic acids included 11-
keto-boswellic (KBA), 3-acetyl-11-keto-boswellic acid (AKBA), elemolic acid, f-elemonic acid, tsugaric acid A, 9,11-dehydro-a-
boswellic acid, 9,11-dehydro-p-boswellic acid, a-boswellic acid, B-boswellic acid, 3-acetyl-9,11-dehydro-a-boswellic acid, 3-acetyl-
9,11-dehydro-B-boswellic acid, 3-acetyl-o-boswellic acid (0-ABA) and 3-acetyl-B-boswellic acid (B-ABA) in raw Olibanum and
vinegar-processed Olibanum, compare the effect of different temperatures and times on the content of 13 index components and reveal
the anti-inflammation activity of differential boswellic acids. Methods The Olibanum were processed at different temperatures and
times. The ultra-performance liquid chromatograph-tandem triple-quadrupole mass spectrometer (UPLC-TQ-MS) method was
established for the simultaneous determination of 13 boswellic acids. Acquity UPLC BEH Cis column (100 mm x 2.1 mm, 1.7 pm)
was eluted with the mobile phase of water (containing 0.1% formic acid and 5 mmol/L ammonium acetate) and acetonitrile (containing
0.1% formic acid) with gradient elution. The flow rate was 0.3 mL/min. The column temperature was maintained at 40 °C. The negative
ion mode was chosen. Multiple reaction monitoring (MRM) was employed for quantification; The cells model was induced by
lipopolysaccharide, the levels of tumor necrosis factor-o (TNF-a), interleukin-1f3 (IL-1p) and interleukin-6 (IL-6) after the treatment
of Olibanum, vinegar-processed Olibanum, 3-acetyl-9,11-dehydro-p-boswellic acid and Olibanum + compound (3-acetyl-9,11-
dehydro-B-boswellic acid) were determined by ELISA method. Results With the increase of temperature and time, the content of
nine compounds in vinegar-processed frankincense, including elemolic acid, B-elemonic acid, tsugaric acid A, 9,11-dehydro-a-
boswellic acid, 9,11-dehydro-B-boswellic acid, 3-acetyl-9,11-dehydro-a-boswellic acid, 3-acetyl-9, 11-dehydro-B-boswellic acid, -
ABA and B-ABA were increased. While the content of four compounds, including KBA, AKBA, a-boswellic acid and -boswellic acid
was decreased. And the change of 3-acetyl-9,11-dehydro-B-boswellic acid was most notable. Comparing with the duration of the
processing, the temperature contributes more to the changes of contents which are related to the structure of the ingredients. The anti-
inflammatory activity of Olibanum was significantly enhanced after vinegar-processing, and 3-acetyl-9,11- dehydro-B-boswellic acid
plays an important role in the inhibition of the cytokine. Conclusion The changes of boswellic acids in Olibanum were mostly
influenced by temperature, which is related to the chemical structure. 3-acetyl-9,11-dehydro-B-boswellic acid shows notable anti-
inflammatory activity with the most change of content during processing. These results may become the material bases for the
synergistic effect of Olibanum processing.

Key words: Olibanum; roasted with vinegar; olibanic acid; anti-inflammatory; UPLC-TQ-MS; ELISA method; 11-keto-boswellic; 3-
acetyl-11-keto-boswellic acid, elemolic acid; B-elemonic acid; tsugaric acid A; 9,11-dehydro-a-boswellic acid; 9,11-dehydro-f-
boswellic acid; a-boswellic acid; B-boswellic acid; 3-acetyl-9,11-dehydro-a-boswellic acid; 3-acetyl-9,11-dehydro-B-boswellic acid;

3-acetyl-a-boswellic acid; 3-acetyl-B-boswellic acid
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Z 50 IR BRI A SR T %, RAL AL A I

o, H ARy, BATEIAT LS R
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(AKBA) m[iHIE X #%H T «B (nuclear factor kappa-
B, NF-xB) [F4MHIVER, k218 RAERIR &, 2t
MRS A F R H S %-6 (interleukin-6, 1L-6). [
f+%-8 (interleukin-8, IL-8). MJRIIAFEH T (tumor
necrosis factor-o, TNF-a ) . ¥ 1k 4 K B F -p
(transforming growth factor-B, TGF-B) ZE4H K+
IR, JRIGPIRAE AP R BRI, 2 EUR
YERIUOL, DA A FLA AL 5 By I RE R 7,
BEERT 5 ANFERERSY, B 11-PRIE-B-AL AR
(KBA). o-FLFME . B-FLEFME . 3-48t o-FLEFIE (o-
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ABA) 1 3-2Wt B-AFR (B-ABA) [AR{LII-12],
HRHEFARZAAET E WL R . R,
FE G KBA & 8A THE!Y, A FEARRRIE!,
AAR] SRS IR LERIT AU 22 7, 48 MR BT S 22 53 B Rt
FR PR, AT — L R AT AT

AUREH T2 B TR AR
IATEETE, AL E TS M A TR,
Hoeai TEAE D BA nn SLHRHES
9, 11-EERAFMAT, e H A BB E
i) B2 R 2 (B S P AT A B AU
W2 2% BT BEARAE U4, R, A FLLE T T
YEEAE b, 383 UPLC-TQ-MS F AN A& AR
BRI B AL R 13 MR T o &
Wsg, FHimEiLAEZ M (lipopolysaccharide, LPS) i
T I 98 0 A AR TR SF L L A I AR S PR T
PR, (RIS VP I 5 AT 3 2 22 S 0% e ) 1 25
SO, DAL E RS R GRS
1 XFESHH
1.1 Y&

AL-F211AE BYRRLI, WL % AL i g A
BT FW80 Tl End Jy RE IR FER AL, RigETT
RIS A IR A A Waters Xevo TQ-s micro Jii 1%
{. Waters Binary Solvent Manager. Waters Sample
Manager-FTN, JRHFtHAR]; CP225D A HL1RF,
MEEZ R A A LWFS31310T SL8 m= K 4ifh R
Gt, WURE AT CRE AIRAR; AC-
120H HUgE7E 9%, f8[E MRC AF . MCO-20AIC #
TS IR A, HAR Sanyo AT Laboratory
Centrifuges 3K15 4 & A4 B0 4L, Sigma A #];
Multiskan MK3 RUEgbR{X, SREFAHILER]; HVE-50
B RS, HA Hirayama A #] .

1.2 5 SR

AAEMEAE SRR ARAR, &b
2R RF L HER S E, LR A A M RHE
WIFEW B. carterii Birdw. W fZ i3 H I g . 3E—20
AT RRFEE (PEZH) 2020 FEREE. Rk
B, 34ERRER, #L5 20130623, dbmi/NofE&dma
PBRAR S HEE (#t5 20160504). HER (L5
20150421, Jb5tfb L) s KBA. AKBA Xffi i,
[ £ il 24 5 K E BT R B, S 2 o8 111710-
200601+ 11710-200601; a-FLFFIL - B-FLEML « a-ABA
M B-ABA XfHE N, [ Chromadex A H], #t'574)
71179 00002550-T9K . 000025550T9A . 00002565-101

00002565-T9E; M7 BEER X 1 it , 74 [E Extrasynthese
AT, {5 P260-P262; B A BRER % HE &, RAR A
BRHEDRHARA R, it JOT-11233; 9,11-%
H-o0-AFKR. 9,11-EE-B-ILEFR. 3-4Wt-9,11-%
H-o-FL B 3-4BE-9,11-F2A-B-FAL AR tsugaric
acid A ASRIG = [ 2550 FE R 4 B = 98%,
AT & EIE .

oAl 2, 5 AR BN 35 1 Fisher AR = 7K
NBAEK . NFAZANAE A MR A R U937 4tk
) B DK 2 v [ LR R =W AR 05 0.22 pm Y8
fE, #t'5 12850160, Pall A#]; FiLiZifs 80 (Hit5
20140925). Jo/K 4EE (b5 20260504), JbHALT
J 3 CCK-8 il &, #it5 CK04, H A DOJINDO
A#]; TNF-a. IL-1p. IL-6 ELISA X7, #t5
20170823, 20170823 20170823), Jt 5 VU IEAAA 75
TR £k 2% 1 £ %5 W ( phosphate buffered saline, PBS),
IS 20170620, EFZEFEEAEVBHHIR A
Jlg (phorbol 12-myristate 13-acetate, PMA ), Sigma
AT, S SLBS0478V ; 1640 3% 5525, b5 1854890,
Gibco /A7]; LPS, #it5 L4391, Sigma A#; a4
MyE (fetal bovine serum, FBS, #lt5 1478702). &
H R MBEE XK (penicilin-streptomycin, PS, L5
15140-122). 0.25%% EDTA WIEEAR (s
25200-056), ¥J4 Gibco /A Fl =i
2 FAEEHR
2.1 AENEHIRE FaHIAT 8 2L B R &

AR M) TG o ), SOk 4R 80~120 C,
H KGR TR 120~150 °C o LERT IR 78 25 R T s i
Feaf b, SRA 2 MUEHEEE 100 C3Ck (W) Al
130 ‘Crhek (Z) Hafil. RIECAA 200g, 735K H
ok (CHEE BN 100 C) Aidk (E HLRE
PR 130 °C), ArBA iR FE ik B B0E I e HN
AF, AWEILS, 08 10 1 1 (I EEIZE AR HT 1 min
W NKES, 2330 H 5. 7. 94 11 min, FEFFHRG,
75 1A [ 0 1 3 P55 FHAS R A F (] RO PL A,
W5 RN W-5. W-7, W-9. W-11, Z-5. Z-7. Z-
9, Z-11 (W RFEk, ZRFHK, BrREHMEH
I E]D o 9T 5 HH MR B2 (R 4 Y AR e 385 im0k b
il 205 30 min FE, FESGRS 5 08 W-20. W-30.
] — S5 AR AT I 3 4o
22 ABEHEEIERS EETWHAR
221 PRV 2 BIEL KBA. AKBA. #i
EHEER . B-MABARR . tsugaric acidA. 9,11-Z 5 -a-
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AR, 9,11-EHAP-AFR. o-FLERKR. p-AFR.
3-L-9,11-EH-0-AFKR . 3-L8E-9,11-EH-B-F.
AR o-ABA. B-ABA & &, FEWE, MAFE
G321 mg/mL BV, A X I i 25 T
Ay ARG B B 13 MR S E R, TRA
BN B B3R & Js 73 o7 B R FE 43 il A 78.28

59.28. 45.08. 79.56. 73.40. 90.42. 139.08. 78.42.
71.28. 125.46. 85.68. 69.22. 78.54 ug/mL [FJiR&
Xof R VAT o

222 MAmIEE Sl A ENEEALTESR,

i, i 100 Hifi. B2y 0.1g, MERTE, BHE%E
MR, K%M 10mL HEE, FREiiE, HE
AbHE () 250 WL A% 40 kHz) 30 min, ¥4,

HAEE, HTEANCEKRIE, #25, 0.22
pm JEMEGE, HUERUEM, RIS & A R

223 R KA Acquity UPLC BEH Cs il
¥ (100mmX2.1mm, 1.7 um); HEIAH A N 0.1%
HE +5 mmol/L ZFE/KIE, MshAH B N 0.1%
IR CIEEW, BREEEMAEF: 0~5 min, 88%~
99%B; 5~5.01 min, 99%~88%B; 5.01~10 min,
88% B. SSURIAFINK-LHE (951 5), SRR
SRR, ABURE 0.3 mL/min; FEiR 40 'C, H3
HEREASIESE 10 'C. #EFEE 2~10 pL.

224 UGS FUHERA ESIUE, BHEHEN
35kV, EBFIHEIEEN 150 C, RHEAEER
550 C, ISR 1000 L, RS &
0.25 mL/he SRAZ MM, (multiple reaction
monitoring, MRM) #4743 ERTEA 2%
W 1, VRIS R LA A T PR S IR
K] (extraction ion chromatogram, EIC) JLF 1.

®1 BMABFRESEZRERNSH

Table 1 Information for MRM parameters of 13 boswellic acids

I WEY) MIXH>FRE MRM 3 MEFLEE/V  RERHE SV B (R ) /min
1 KBA 470.68 469.63—~407.64 20 25 ESI- 2.05
2 AKBA 512.75 511.23—59.06 10 20 ESI- 2.64
3 BiEER 454.70 455.35—~355.83 30 40 ESI” 3.12
4 B-BiETHER 456.71 453.61—-339.29 10 30 ESI™ 321
5 tsugaric acid A 498.75 497.45—~437.51 10 40 ESI- 3.78
6 9,11-EH-o-AFER 454.70 453.49—>397.49 3 30 ESI” 3.70
7 9,11-KA-B-AFR 454.70 453.49—>397.49 3 30 ESI™ 3.94
8 o ILFMR 456.71 455.71—409.95 30 30 ESI” 4.10
9 B-IAER 456.71 455.71—-409.95 30 30 ESI™ 425
10 3-4FE-9,11-E S -a-AHR 496.73 495.58—>58.93 3 12 ESI” 4.93
11 3-2.8-9,11-EA-p-ALER 496.73 495.58—~58.93 3 12 ESI” 5.18
12 a-ABA 498.75 497.25—59.25 10 20 ESI- 5.26
13 pB-ABA 498.75 497.25—59.25 10 20 ESI- 5.52

225 ZMXRAFE BURAXIRSAR, HPE
Sy AFERE 2. 54 10, 20, 50 100, 200 %, 1534
I o A P (T R R R . R B0 R AR S
BB IKIERE 3 Hr . LAETRUAI AR (V)
DL IR PR B IR B AR AR AR (X0, a il bniE 2k,
TR AR, 4550 0K 2.

2.2.6 FEEERE BURASX IR IAT, ELLRE
6 U RS AW EIE, SRR, FEEA
TG IEHIAN Y RSD 4/ T 6.0%, RIAIUIIE % E
R4F.

227 EEMWRE % “2237 WL, TATH

% 6 AL AP IER, ARUGHRENE, 10 SRAFE
TS A BT AR, THERE . AR
3, B R E RSD BI/M T 6.0%, R
HLEEE R

2.2.8 FoEtELE  BUERSIERL T 0. 2.
4, 6. 8. 10h FFEME, W&y Gk, &R
WL 3, KA WETH R RSD 2/ T 6.0%, R
RAIATRAE 10h WEE .

229 NFEEIERRLE B2 7 IR ESALA 6 1,
R B IN S S LA 25 RR I R 43 S5 O R, 4%
“2.2.37 TUF I AN, #EREIE IR
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A-REMIRS M EIC (K B-ESFLA KM EIC (i8] 1-KBA 2-AKBA 3-#IHEER;  4-p-MiFEHER  S-tsugaric acid A 6-9,11-E A -a-F,
FER 19,11-XAB-AFE 8-o-AFR 9-PAEFMH 10-3-28i-9,11-F5-o-AFR  11-3-L8-9,11-F4-B-AFR  12-0-ABA  13-p-ABA
A-EIC chromatograms of standard B-EIC chromatograms of sample of raw Olibanum 1-KBA 2-AKBA 3-elemolic acid 4-B-elemonic acid 5-
tsugaric acid A 6-9,11-dehydro-a-boswellic acid  7-9,11-dehydro-B-boswellic acid 8-a-boswellic acid 9-B-boswellic acid 10-acetyl-9,11-dehydro-a-
boswellic acid  11-3-acetyl-9,11-dehydro-B-boswellic acid 12-a-ABA  13-B-ABA

E1 REMNBEBRMIEFHAMEEN EIC &R

Fig. 1 Typical EIC chromatograms for standard and sample of raw Olibanum

®2 BAMARBRRSNEEFEREMEEE

Table 2 Regression equation and linear range of 13 boswellic acids

I &Y 5] )= 75 2 r LR /(ug-mL ™) SE PR /(ug-mL ™)
1 KBA Y=683.37 X+4026 0.996 1 0.391 4~78.28 0.125
2 AKBA Y=238.46 X+33851  0.9978 0.296 4~59.28 0.174
3 MEER Y=12.286 X+58.941  0.996 7 0.225 4~45.08 0.089 2
4 B-BIEEIRR Y=109.71 X+327.14  0.9950 0.397 8~79.56 0.241
5 tsugaric acid A Y="772.68 X+7458 0.996 9 0.367 0~73.40 0.097 8
6  911-EH-0-AFR Y=301.72 X—78.616  0.997 8 0.452 1~90.42 0.426
7 911-EEB-AFR Y=308.75 X—41.78 0.998 2 0.695 4~139.08 0.0785
8  o-FLEM Y=253.1 X—21.289 0.996 2 0.392 1~78.42 0.314
9  B-AFE Y=307.25 X—20.514  0.996 6 0.356 4~71.28 0.169

10 3-ZBE-9.11- X5 -a-AEFR Y=76.662 X+7.3667  0.9962 0.627 3~125.46 0.543
11 3-Z8E-9,11- KA -B-AER Y=78.234 X—3.0084  0.9946 0.428 4~85.68 0.288
12 0-ABA Y=1117.6 X—236.07  0.994 1 0.346 1~69.22 0.078 6
13 B-ABA Y=10162X—30.84  0.998 1 0.392 7~78.54 0.129
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®3 BAMAFRRONERE. EEM. REMREWE ¥, e 13 FssEE, gRLE 4. SRER,

RELER (n=06)
Table 3 Results of precision, repeatability, stability and
recovery tests of 13 boswellic acids (n = 6)

B o RSD/% | &
R AN FEE ME/% RSD/%

1 KBA 271 354 411 9354 3.67

2 AKBA 134 129 125 9038 4.18

3 MR 265 285 168 9444 259

4 B-MIEER 172 296 158 9259 3.36

5 tsugaricacid A 2.76 340 392 9290 4.01

6 9,11-£%-a- 189 276 249 93.08 3.69
AR

7 9,11-E4-p- 139 224 259 9072 2.04
AR

8 a-FLEMR 268 132 247 10462 3.36

9 B-ILEM 241 410 216 10890 2.55

10 3-Z./-9,11-% 2.64 173 3.62 9458 4.26
H-a-FLEMR

11 3-ZM8E-9,11-% 198 119 3.6 9197 4.58
A-p-AER

12 a-ABA 247 125 214 9037 1.8l

13 B-ABA 1.74 353 288 106.13 291

FBRFM AT RIS . g5 I 3, &R s 24 n
FERIER N 90.38%~108.9%, RSD K 1.81%~4.58%.

22,10 SEME  SrHIEC2.17 TR AN FE ] A A
FISIEE AR, % “2.2.37 TR EH & Al i iE

%<4

FHIF I A], B MR e, B R
B-MiE WAL+ tsugaric acid Ay 9,11-K5E -0-ALEFER
9,11-EE-P-AKFMR. 3-48-9,11-EH-a- ALK 3-
OM-9,11-55-B-AFB . o-ABA. B-ABA TEBEHK
ZJE & ETHE, M KBA. AKBA. a-AHFER. B-
HFREER X G & EERES: F—MHEET,
b AR ) R A, MR IR . B8 A I B
tsugaric acid A 9,11-EH-a-ALHFMR - 9,11-EF-B-FL
HR 3-40E-9,11-EH-0-AEFR 3-4FE-9,11-%
H-B-FLEMR . 0-ABA . B-ABA fEEE K 2 J5 & & TF =,
KBA. AKBA. o-AF. B-ABEMRERK G HEE
B AR 5 o o KR Bl S M B B 3 B X2
2 U P AN ) g e K B A =2 9,11-22 A5 2R
FLER. TJMEH T 11 min 5, BEAEFT o 8 9,11-
KRG IERTIE T 4~5 1%, B 9,11-XKAL
MFLER T T 8 fife

22.11 Gt 4r RHA SPSS 20.0 Sk 5
2 MR R 2 n 8tk B i, L P<0.05 M
ERAGIT R L ZIEMERIAS &R GRS
K, USAFRES SENFLE, MHIEE.
0 1) o [F0) 1) 5 LB TR G o B 1 i [ R e 3 2 1)
fRIEARE (B 1 PEHIN<0.05, HSRiTEE L

BRI 0 R o Bk R 5 mizﬁﬁféﬂi
PER R, MEFRIR. B-MiENHIR. tsugaric acid A,
9.11-E5 -a-AFM. 9,11-LEE-p-AEFM. 3-L8k-
9,11-EH-0-AFKFR . 3-LB-9,11-EE-B-AKFR a-

TREMEHBEEMITERIA TP RATERISERSEREBEUE n=3)

Table 4 Contents and rate compared with raw Olibanum of 13 boswellic acids in raw Olibanum and vinegar-processed

Olibanum under different temperature and time (n = 3)

. KBA AKBA e 2 WL WG B-H 7 R R tsugaric acid A
e o/(mgg")  TUERY%  o/(mgg!) TUER% o/(mgg") TUE% o/(mgg) TR/ Y% o/(mgg™") BT/ Y%
HE 49022 42794 8 0.928 1 1.428 9 0.2349
W-5 46049 —6.06 41.464 7 -3.11 1.2621 3599 19409 3583 0.8921 279.73
W-7  4.4984 -8.24 40.481 9 -5.40 15582  67.89 21668  51.64 13253  464.13
W-9 44852 -8.51 40.182 4 -6.10 1.8422 9849 23558  64.87 1.2982 45259
W-11 43241 -11.79 39.7117 -7.20 1.9172 106,57 24839 7383 15013  539.04
W20  4.2193 -13.93 38.6733 -9.63 21439 131.00 27588 9307 15681  567.48
W-30  4.2819 -12.65 37.1847 -13.11 2.0843 12458 28468 9923 15842 57433
Z-5 4.465 4 -8.91 39.874 3 -6.82 17972 9364 23388  63.68 13362 468.77
Z-7 42591 -13.12 38.214 4 -10.70 21447 131.09 25479 7831 1.6023 582.03
Z-9 4.097 3 -16.42 36.904 9 -13.76 23709 15546 29216 10446  1.6482 60157
Z-11 40821 -16.73 35.423 8 -17.22 24343 16229 34127 13883  1.9963  749.74
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. 9,11-EH-a-AFR 9,11- L& -B-AEKRK o-FLEMR B-FLEMR
i olmgg")  BHEY%  olmggh)  BHEY%  ofmggh)  BEEY%  olmggh)  BLEY%
& 0.109 4 - 0.4381 14.852 6 - 44,1937 -
W-5 0.2096 91.59 1.496 3 241.54 14.4935 —2.42 43.952 9 -0.54
W-7 0.317 4 190.13 1.8741 327.78 14.043 8 -5.45 434541 ~1.67
W-9 0.3857 252.56 2.2679 417.67 141531 471 43.180 5 -2.29
W-11 0.464 9 324.95 2.480 8 466.26 14.032 4 -5.52 42,949 8 -2.81
W-20 0.489 6 34753 27357 524.45 13.9925 -5.79 42.862 6 -3.01
W-30 0.439 4 301.65 2.7702 532.32 13.883 4 ~6.53 42,682 4 -3.42
z-5 0.365 4 234.00 2.109 1 381.42 140114 -5.66 43193 1 -2.26
z-7 0.468 1 327.88 2.8479 550.06 13.7521 —7.41 42.760 6 -3.24
Z-9 05270 381.72 3.4620 690.23 13561 9 -8.69 42.084 2 -4.77
Z-11 0.644 1 488.76 3.964 1 804.84 13593 0 -8.48 41.883 3 -5.23

v OEEON-REH-a-AER 3289, 11-RE - E R a-ABA B-ABA

e w/(mg-g™) A% w/(mg-g™") TR Y% o/(mgg!) TUEY%  o/(mggl) BHE%
AFE 0.102 4 - 0.429 4 13.162 7 - 20.1816 -
W-5 0.208 0 103.13 08247 92.06 13.443 6 2.13 21.7509 7.78
W-7 0.2785 171.97 1.997 9 365.28 13.762 8 456 221811 9.91
W-9 0.368 2 259.57 2.6912 526.73 14.253 2 8.28 23.2820 15.36
W-11 04223 312.40 2.864 1 567.00 15.482 9 17.63 24.1818 19.82
W-20 0.467 2 356.25 31208 626.78 15.863 6 20.52 25.260 7 25.17
W-30 04708 359.77 3.3939 690.38 16.2836 23.71 25.841 6 28.05
z-5 0.2936 186.72 2.260 1 426.34 14.852 4 12.84 23.153 1 14.72
Z-7 0.444 8 334.38 3.049 9 610.27 15.493 4 17.71 24.7418 22.60
Z-9 0.5819 468.26 3.8493 796.44 16.484 1 25.23 25.940 8 28.54
Z-11 0.626 2 511.52 4.1758 872.47 18.783 9 42.71 28.762 5 42,52

FEmdi s RXAUGRAAE, WARERSOK, Z &K, B EHII [E)/min

*RX represented raw Olibanum, W represented mild fire, Z represented medium fire, the numbers represented processing time/min

ABA. B-ABA ] pH ANIES, RIS EFEEEHR
FERIT R M R R, 2 ANE R
15 P AR v A i 151 U R 3 (B I E TR, %)
PR EEREMER; KBA. AKBA. o-F.#
R B-FLAFERI B AL, o S b A M I
(Tt A T R] PR T BRI, MR B ) B
N, X R 4 AN E BRI TE R
23 ABBEXAIEIMKTEMEII LR
231 Zipilg&  BCAEMEEFLAE CPK 1 min)
MARL) 5 g, PRERE, AN 95%Z 5 75 mL,
5 A0 30 min, JEIE, PEIRIEE FISCA IR T
Bt oK QA RIFE AT 10mL BT, 15350
RO LA DU -

B 3-2.18-9,11- A -B-FLEMRY) 20 mg, KEHFR

€, UK OEERME, JEsT 10mL &t 15
B S T -

HAABMARL 5 g, MOERE, A 95%CEE
75mL, #EACEE 30 min, JEIL, JEIRIERE FISCA T
BT, HAERE, B 3-28-9,11-E5-B- AL B
2) 20 mg, FEEME, SAFRERS, HIKL
BRI T 10mL &, BIAE + PR
A

U FEKAA L) 4 mg, FREFE, PLI/KOEER
fi, JEAET 10mL EIEH, FRE 100 £, 19Hb%E
KNI -

WH 2 mL 10%5 LA 80 (1) PBS T 15
mL EOEH, B EOE B TIRIEIRG % L, TR kR
Vite, MRMIALARFRREIRA . WL R 5 $2 L
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Table S Multivariate linear regression analysis of factors for boswellic acids content in vinegar-processed Olibanum
PR AR HA&R B B PIH 95%FE(5X A PR A HA&ER B B P 95%E(FIX A
KBA SR ] —0.015 —0.653 0.033 —0.028~—0.002|0- L& iz JeL A A] —0.018 —0.526 0.044 —0.036~—0.001
IR —0.260 —0.759 0.018 —0.460~-0.060 JHIR B —0.474 —0.891 0.004 —0.744~-0.203
AKBA JL I 8] —0.179 —0.746 0.006 —0.286~-0.072p-FL7& L ] —0.048 —0.612 0.034 —0.091~-0.005
IR B —3.027 —0.832 0.003 —4.655~—1.400 J IR —0.971 —0.822 0.010 —1.621~-0.321
WA AR Jafilr(a] 0.031 0.674 0.020 0.007~0.055 |3-ZMWt-9,11-% JEHlif[a] 0.011 0.658 0.041 0.001~0.022
JamdE A 0561 0.804 0.009 0.190~0.932 | H-o-AEM MHIEE 0180 0.704 0.032 0.021~0.340
B-HEEMAR:  MufAfla] 0.039 0.728 0.017 0.009~0.069 |3-Z./t-9,11-2 Ja#IKfE 0.086 0.703 0.025 0.015~0.158
JMIHEEE  0.603 0.7350.016 0.149~1.056 | &-p-A&F JAHIEE 1341 0.719 0.023 0.252~2.431
tsugaric acid A J#|iF[E]  0.024 0.639 0.040 0.001~0.046 |0-ABA JIFE] 0.133  0.670 0.027 0.020~0.245
JAHIEE  0.418 0.746 0.022 0.081~0.755 JHIEE 2,308 0.767 0.015 0.603~4.012
9,11-%x%-0- JEHIRFA  0.009 0.578 0.074 —0.001~0.019 |B-ABA JadlRtEl 0,191 0.717 0.019  0.042~0.339
AR JAHIEE  0.167 0.720 0.035 0.016~0.318 JAHIEE 2,979 0.739 0.017 0.729~5.229
9,11-%£4-p- JaHIAtA  0.055 0.587 0.048 0.001~0.109
AR JAHIEE  1.136 0.8010.014 0.311~1.961

VIR SRR IR LA + AR R A T TR
FERFAVI 100 L, IFFMA B OEF, iRiEd
W, ARG PBS £ 10 mL iR &4 )5, BEIfE.
232 U937 #liffusssR ¥ U937 LN 37~
40 C/AKBHFETR, AN 1~3mL % 10%FBS. 1%
PS [1) 1640 ¥ #2304 5 » £5+0 3 min (1000 r/min).
7 B, AIMARRFRBUETIN 5% COy 37 CHEFE
FERG IR 3~4 d Ja g TR WL SR At AR K 22 80~
90% LA FERF, BATAEARE TR, AussEsR 1 A
ITHINRRN R 24

2.3.3 UM R MRS LSO 1 X106
AL, U937 4IHIYE S 100 ng/mL PMA 5537 5
1, 5%CO0,. 37 CH:FRFEREIF 48 h o, HERH
B, RHI PBS iU 2 M. KRR RS 100
ng/mL LPS {ERANMEEF7FE, 5% CO,. 37 CHiFF
FERTFF 48 ho

234 XTI AKBRE R EEE BUAE K R
U937 4if, WRITRCHANER, LA 1X10*N/FLRY

HREERME] 96 L, [MELIMAEHA 100 ng/mL
PMA [35953E, T 37 ‘C& 5% CO, 5477
48h Ja, FEEWFEE, KM PBSTEBL 2 #/5, MA
AFFERE (5. 105 25, 50, 100, 200 pg/mL)
(Il FL A PRI ORI HO 8 KA, AN IR
Bo6NE. E 48h J5, mAESLIIA 10 pL CCK-
8, T°37 CTH 5%CO 57246 E 3h, KA

IXAE 450 nm AL ER G (4) . SGRER, i
BIREART 50 png/mL 2040 A 3E i Rl 5 35 1)
SO, O E LA AR LA SR A A R R IR N
25 ug/mL, 3-2.:-9,11- A -B-ALERNEE A1
SRTEIREE . AKHE SCHERARE S e Hh ZE KA (1771
& 0.1 pmol/L X 40 B A= TG B R A0 A H
235 RIERFAN  H%HR 2237 TR A
Yifa, MR FA L, B, P
FEAL AL K (3-2FE-9,11-EEA-p-AEFMR) 4A
AR+ AR (3-28E-9,11- LA -B-A &R 4. 40
WFETERE, Wb BB, RA ELISA J7E0E
TNF-a. IL-1B Fl IL-6 & & . &R Wk 6 fin. &4
2R T TNF-o. IL-1B A1 IL-6 & & IKT
A, HBEASEE X (P<0.01. 0.05), AL
FLE . BEFLE SRR R 3 35 B8 AT S A 1) 4 i [
F TNF-a. IL-1B f& IL-6 73ilh. LA S Shs &
X2 HeG iR, nTLLRIEE L B4 2 éﬁﬁ%%ﬁ
HIX 3 B AOEAN IR T & R 4B D,
BAY R (P<0.05), HHS5HAEFLE, @a
FLE ) 2 SE AN ALY 733 TNF-a IL-1B A1 IL-6
IR TS, FLARS S A LRI ISR
WABFMAERMA, 7RI + AR
AHE_ S TNF-o. IL-1p M IL-6 S EHARH
B (P<0.05), HARRLI X LA 3T 28 15 1
WA SEEE
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=l (X£s,n=3)

Table 6 Effects of monomer components and Olibanum
before and after processes on cytokines secreted by
macrophages (Xt s,n=23)

20 5 TNF-o/(ngL™") IL-1p/(ngL™")  IL-6/(ngL™")
TH 38.88+11.73  552+0.74  1572+4.84
TR 122.07+£32.63%  9.62+1.41%  4521+9.61%
AE 79.254£22.72" 7714£1.27"%% 31.04413.254%
R 48.92+14.69" 597+143" 18.65+9.88™
AFE+ A 619941073  6.6410.55"  20.09+7.23"
HpR 81.26+20.72"  831+0.67"  36.61+7.71"
HhZEkFY 33384695  545+046™ 10.93+4.64"

HEAHWE: #P<0.01; SHEBAKE: "P<0.05 "P<0.01;
HESAFHILE: 2P<0.05; S5AE+RARALILE: *P<0.05

#P < 0.01 vs blank group; *P < 0.05 P < 0.01 vs model group; 2P <
0.05 vs vinegar-processed Olibanum group;”™P < 0.05 vs raw Olibanum +

monomer group

3 Wie

RIFLERRIT TR 13 NAF R 70 N5
R, SO A H R A, DL — 2P
BT R S AR S SR R, 55
BRGNS IRk B R AL R B v, 11 AL S A
RMAFRE S (KBA) & N4, 54 9. 1114
AN 4 DMAFRE (9,11-FFH-0-ALEFR
9,11-EEP-AFR. 3-LF-9,11-LEH -a-ALEFR. 3-
-9, 11-2E-B-FLEFMR) 7B & 2 Ja S &3,
M5 11 ALHBREAERR A IAIIER R R4 RN, AR
A PFE NN - FLHOLER 9,11-EE G54 03,
Ak, 3 M EAREAFREY (o-FLEFR. B-AF
fR) BEH G & B EIEE, 3 MNEH OBEATR
sy (3-4WE-9,11-EFH-a-A KR 3-485-9,11-2
S-B-AFMR. o-ABA. B-ABA) SETHE, HEM 3
LR IEAERRIE 261 N 56 LRSS 70 1) LT 3
b C EF RS, AR 3 AL LB H K
gy HEGMPAEFRER Sy (MER. B-H7EF
MR ) {EfER 2 s/ EEm, HERimE
DRIATS e 33t — 25 BT 78 K el B

e S BAIRE T, 9,11-REA WA E R
il J5 B A o B, JUHIE B Y 9, 11-R 45
FLEMR, 2t JHEH] 11 min RN 8 1%
PLE, SO BRI 20, 30 min 2 A, HEE
AR R MEH B . Ft, AFPAEFRE
RS CE AR Ik AR P B LR A (R AR A, TTRES

(INERT RS SR

FLAEINGR N APy 2%, T
B IR R JIERIRIRTT 700, R B LA X
1 SR B A e A8 A R 5 B T R 201, R R
A 0 28 R 5T 2 YR 8 Bt 28 A F I AH 9%
S T RIE

FEG IR B I, BE AL AR 7R
WFLERE X AT G E B S BB E, A CEE
2 B 43 AR AR T 51 L 2 B F 2022 T 7T R Bt —
RN U937 20 B U5 T N A% 4H e 13 15 48
#, PMA HFHCAMMERRAM . LPS W LA S
U937 YL /> i TNF-a. IL-1B. J:J5i 4 )8 & (i
(matrix metalloproteinases, MMPs). NO %54 fiE4H
PRI F B R, &2 WL 1) 8 RE 20 B A 221
WHFEEM, LPS FEIEIEZ M4 &% H CD14 32
PEAI Toll #2144 4 55 5 F@ft, WusHxET
Y NF-«B AEALER -1, 51 & Fhgm i 1A %
SFEA Y5 I FE R, BETIA R 98 R AT IE B R 230
BEA: O KEWF7CIEH LPS i S/ U937 SAE4 A
B HEAT v 25 BT RAE A RS e s e, JF
IRAF R4,

AHFFEIEFH LPS 55181 U937 58 A4 s ,
X EE LA IS ST S PR G VE I RIS, B0 M i AT fS
P 5 A BT RS AT VRN« 3- 419, 11- R A -B-
HAEMAERE K5 & B0l 8 s, WFFiH 5B
FEFIEN 3-28E-9,11-F A -p-FLE R A F
AT, BHESAESE, DONSHAFIRE
PRI . PRAMDLAR SEIG R, BEFALAE X T RIER
F TNF-a. IL-1B & IL-6 B4 /E FH B B0 A&,
MG G & R TN BN 3-48-9,11-54-B-
AR I TRt EH, HEAED
AP 26 RO BB FL A, nT LA fE 2 3 n i
3- L W:-9,11-F 5 -B-FL A B B 47 1T fi A LA I 5 3
R 253800 it 2 — o

ARSI 5K AN () A 1) PR A o ) LA R 13
NFLEIR B AT 40 8 B A LS B b
R, IE S R P LA R LA R 2 R A3 (1 R
W, M TSR ASER 21 5 Bl
FIRERy, HA 9 11-EAEMK 4 FiAL &R
5 MIEBERR . B-HiEBHRL . tsugaric acid A S5
RS EE R S AR N 2, el i
AU 9,1 1-X AL MFLERED 3-41-9,11- X -B-
B IR K
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IRANURIEPERE FUAIRR Y, BRFL & I PTRE
YR T A, M 3-286-9,11-Z 4 -B-A TR ALAF
Wi e RIS PRI RO — R I stk . ARMEAE B
XL R I AR 25 R0 R R b, REAEIE—
2 R TR I S R LRI TSR AR A A
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