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Abstract Objective: To establish a method for simultaneous determination of eleven components in frankincense
by UPLC-TQ/MS and to explore the dissolution variation of the components after combination with myrrha.
To explain the material basis of the herbal pair. Methods: The UPLC-TQ/MS determination of terpenoids in
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frankincense and the herbal pair was performed on an Acquity'® UPLC BEH C; (2.1 mm x 50 mm, 1.7 pm )
column with the mobile phase consisting of 0.1% formic acid-acetonitrile ( gradient elution ). Both the positive and
negative scanning modes were applied in the follow—up analysis. Then, multiple reaction monitoring ( MRM ) was
applied. Results: After compatibility, the contents of B —boswellic acid, 3 a —acetoxy—tirucall-7, 24—dien—-21-oic
acid, 3 a —acetyl-20 ( 29 ) ~lupene—24—oic acid and 3-acetyl-11-keto— 8 —boswellic acid in frankincense were
increased from 0.919%, 1.103%, 0.178% and 1.365% to 1.156%, 1.916%, 0.220% and 1.752%. The contents
of a—boswellic acid, 3 B —acetoxy—5 a —lanosta—8, 24—dien—-21-oic acid, acetyl 11 o —methoxy— 3 =boswellic
acid, 3 a —acetyloxylanosta—8, 24—dien—21-oic acid and 3—keto—tirucall-8, 24—dien—21-oic acid were decreased from
0.553%, 0.334%, 1.010%, 0.815% and 1.071% to 0.505%, 0.210%, 0.534%, 0.622% and 0.971%. Conclusion:
Being compatible with myrrha, the dissolution of the chemical constituents in frankincense has changed. This study may
provide a scientific foundation for explaining the material basis of the herbal pair of frankincense and myrrha.

Keywords: frankincense—myrrha; resin; compatibility of traditional Chinese medicine; dissolution of chemical

constituents ; UPLC with triple quadrupole MS/MS

B BRI LA Boszvellia carterii Birdw.
NN J@HEY) Boswellia bhaurdajiana Birdw. B 5213 H 1Y
WE . FLAMERL, R 8, 0 IF g, s
A 3%~8% 19 45 i . 60%~70% 1 14 A . 27%~35%
FAARS S, JELA Y% i 9 B T e A= LR B, w] T 36
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I PR DAL BB 2 0 0, B E il 2% 0
A JF I R A%, T2 S R Pyt T
Commiphora myrrha Engl. ¢ H T 4 Commiphora molmol
Engl. (T AR, PR, R oy, HAT HOR E T M 1H
LA BV TINE BRIy e s S S R S TN AN 1N N
RRAAWD . FUF MR B AT
Ui ) Z “FARIREC o (AR HE Y IRz FLAEE I, 3%
2yHju., B R (- I AR, i 2y R

ARSI ERTHIRF TR 1 SR UPLC-TQ/MS
BT AR, X 2L A - WA B AR5 LA Ak 27 i A i
AR HEA T E AT, AR 10 BE W AL a7
FLAE - W2 AT n ) Bl S e A B
1 XFRERKH
11 R

Waters Acquity" UPLC % 4t (£ 45 DU JC IR 7 R
B, AL HUR A SRR SR s Waters 23] ) 5 Acquity
UPLC BEH C,g {0354 (2.1 mm x 50 mm, 1.7 pum; 3R}
B REBE G REIE — 7 HEAT 22 AL ; Waters
2N A ) 5 Xevo JB 1% A ) 5 ( Waters 23 7] ) 5 MassLynx
4.1 ik TAEE 8 (Waters 2 7] ) ; EPED #H 4l 7K &
4t (B 58 G ik BH R A BRA ] ) 5 KQ-250E Y

R P Ve (R ILR B A A BRZA R ) 5 Anke
GL-16GII I g0 ML (L i e = b2 AR ) ) 5 BT125
BRI TR (BRI A PR A ),
1.2 ik

MLl K 28 5 Sy ik BB Ak i 2 R GE H s LG
Sytaigkal, W [ BR A R HA A 2R b4t
W F R s A=A FRA

FLA S SR, 43500 [ S 25 )85 R AT 4 4
it ¥k (4t 5 1505101, 131101, 1601101 ., 14110801 ), Ef
RI~RS5 537 ; WA 2500 [ e 2505, 4tt5 1408101,
S T8 R B, 20 p ot P R 2R A B R
5, LA A FL AR Boszvellia carterii Birdw. 13}
Rz R s B2 A R E Y T R Commiphora
myrrha Engl. WS

FLA X IR A EX8 R A PR A TR A
A, H AL a- 2L & R, it 5 20150522, 41 FE 95%;
3B - LA 5 a-8,24- BRI 21- R, S
20150527, 4l i 98%; B — LWL, #t'5 20150504, 4fi i
98%; LMk 11 o — H A3, - B - FLAEFMR, L5 20150519,
4l B 98%; 3o — & I 3 - H k% -7, 24 — M 21- R,
it 20150523, 4l )i 98%; 3-0- L WEHE — o FLFR,
5 20150515, 461 98%; ks —20(29) M -3 a - 4
Pt L 24— iR, 41t 5 20150513, 40 iF 98%; 3— L k3 -
11-fifi 3 - B - L 7 R, it 5 20150410, 4L Ji£ 98%;
3a- LHEASE - EBIR -8, 24— i 21- 1R, it 5
20150519, 4l 98%; 3 o — FRIEH ARt -7, 24— —H -
21- 2, #t'5 20150529, 41 )& 98%; 3— ¥ H kxbe -8,
24— g —21- R, iS5 20150520, 4l 95%
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2.1 W&
211 HEHASAR BOYAEE R FLA KA,
W, £ AR 10 ¢ RS, FH 80% L EEK
IR 2 YL, 568 1 L 10 f5 AR BRI, 2 2 DL
8 A R AR BRI, BRCEE L 1 h Jdihilg, 591 2 WIE,
WRIRARZE 0.5 ¢ - mL, B2 R ML_HA DL IS KA
+, BN LA - TG B EE B T2 . KL
M TREHEZEELE T PG, 4 CRBREFH.
FEEEFRIC S LR AL T2 HR 24545 10 g, [F]_E ik
AL B R PR TR E

WCFLA 2y R 2 S EL A - I 42
BT R2E 45 100 mg, 4GB FRE , 705 E T 10 mL &
b, A 80% W EE/K 9 mL, #75 (300 W, 50 kHz )
FEHL 60 min J5, B A, N 80% H K 2 ZI B,
FE£57,13 000 r* min~' .0 10 min, IS, 4 0.22
pm FFLE B U8 , A5 T
212 IR A XGRS W K RO LA
W& 5h %% 1.0 mg, &5 mL+ R 4, FH80% H EE /K
T 0T W RE & 20 B, )RR TR A R BRSO R &
a-F F MR(204 pg-mL');3B-2 Mt A -
S5a-8,24-F B fg M -21-R (200 pg-mlL™"); B-
AR (252 pg-mL™ ) ZFEIE 11— FEIE -B -

AR (202 pg ml™);3a- LEEE - Hik -7,24 —
I -21- iR (198 pg mL™" ) 5 3-0- ZEEE — o FLEFMR
(208 pg-mL™"); Pk —20(29 )45 -3 o — LIEHE 24~
iz (194 pg-mL™);3- B3 -11- B3t - g - A&
(360 pg-mL");3a- LBEAIE - F B -8, 24- —
i —21- 18 (204 pg-mL") 53— o FRIEEHRERE -7, 24—
T 21- TR (234 pgeml') ; 3- FR I H R bE -8, 24—
TR 21-1R (190 wg e mL ) ], — 4 CABRAFFH .
2.2 UPLC-TQ/MS 43Hr 41k
221 @AM SR Acquity ™ UPLC BEH C {8
BEFE (2.1 mm x50 mm, 1.7 pm), ¥R 30 C, PL 2
i (A)-0.1% TR /K (B) it s AH, A6 B2 i ( O~
1 min, 10%A ; 1~8 min, 5%A ; 8~9 min, 5%A; 9~10
min, 10%A ), i 0.4 mL » min™", #FFEEE 2 plL,
222 JREESME CRHHBISE IE . R (ESTY
ESI ™), Z I WK I ( MRM 5 2% ), 2007 35 arb,
IR 15 arb, BAEREE 275 C, W% HLE 3.5
KV, B &5 K 65%, B HLE 35 V, HHE
Fil m/z 100~1 000; J57 73 B3 60 000, — 20T >
B« A= R = RE S S A 25 (HCD ), PR 25 58 B 2.0
Da, IH—fLREHEARER 35 V, #dGHFE] 30 ms, BHESH
FAIE A FE IR SEOLER 1 IR A X RS
R ) B D e ] LI 1

®1 AFH N MAMEEFRERUNSH

Tab.1 MRM transition, cone voltage, collision energy and ion mode of 11 investigated compounds in frankincense

featis e mpgsy  MRMR LR R
. ( MRM transition ) .
(No.) ( compound ) (ion mode ) ol ( cone voltage )/IV  (collision energy )/eV

1 a - FLEFM ( « —boswellic acid ) ESI” 455.415 — 409.405 50 22

2 3B- L BEEIE 5,8, 24- L RBNE M 21- 1R ESI” 497.479 — 437.425 54 32
(3B —acetoxy—5 a —lanosta—8 , 24—dien—-21-oic acid )

3 B - FLA&M ( B —boswellic acid ) ESI® 455.415 — 377.356 44 30

oMk -1la-H & B -B-FL F R (acetyl ESIY 455.479 — 409.404 16 22

11 o —methoxy— B —boswellic acid )

5 Sa-LHEHE-HE-7,24 2% 21-R(3a- ESI* 455.479 — 437.426 14 8
acetoxy—tirucall-7, 24-dien-21-oic acid )

6 3-0- Lk — o FLF R ( 3-O-acetyl- a ~hoswellic ESIY 499.479 — 439.492 8 10
acid )

7 PR -20(29) M 3a— & BE Sk 24- B2 (3a- EST* 499.479 — 106.767 8 58
acetyl-20 ( 29 ) ~lupene—24-oic acid )

8 3- LMEHE 11— FiE - B - LR (3-acetyl-11- ESI' 513.479 — 95.06 40 42
keto— B —boswellic acid )

9 3a- L BEAJE - EAR -8, 24- M -21- R ESI” 497.479 — 437.492 50 40
(3 a —acetyloxylanosta—8 , 24—dien—21-oic acid )

10 3a- ¥ HEH B bE -7, 24- 8 21-TR (3 - ESI* 457.479 — 439.425 18 12
hydroxy tirucall-7, 24—-dien-21-oic acid )

11 3— % Bk H k% ke -8, 24— M —21- R ( 3—keto— ESI* 455.479 — 133.112 14 36

tirucall-8, 24—dien—21-oic acid )
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A
1007 5.90 tb&41 (compound 1)
i l 455. 415—409. 405
0 — T t/min
0 5 10
100: 7.07 41842 (compound 2)
0’ 497. 479—437. 425
6 w5 L — 1‘0 T t/mln
6. 53
1007 &3 (compound 3)
| L 455, 415—377. 356
0 . .
0 5 10 t/min
100: 4.46 #4474 (compound 4)
4 L 455, 479—409. 404
0 . . T ¢/mi
) 5 10 /min
100 4.4 &5 (compound 5)
E3 i L 455, 479—~437. 426
= 05 — -~ T i
= 0 5 10 t/nin
g 7. 66
2 100 7 AE46 (compound 6)
o] 499. 479—439. 492
a ol T o t/min
5 0 5 10
‘g’ 8.34
i 1004 I 4k&P7 (compound 7)
% ] 499, 479—~106. 767
. 0 : . — t/min
® 70 5 10
. 3,68
100 298 (compound 8)
J 513. 479—95. 06
0 — ———— t/min
0 5 10
1007 6.26 &9 (compound 9)
i l 497, 479—~437. 492
0 —— T t/min
0 5 10
5.14
100: 449710 (compound 10)
i l 457. 479—439. 425
0 — T i
) z To t/min
100+ 4. 46
1 1&911 (compound 11)
4 L 455. 479—~133. 112
0 T —r—r—— t/min
0 5 10

E1 BEXMESR(A)ER(B)WBEFREE

+593 -
B
100 5.85
g 1t 1 (compound 1)
8 L 455, 415—409. 405
0~ — ———— t/min
0 5 10
100 7.05 &2 ( d
i . & compound 2)
B L 497. 479—437. 425
0 ) A t/min
0 5 10
6. 47
100: .43 (compound 3)
1 455, 415—-377. 356
0 t/min
0 5 10
1007 44 &4 (compound 4)
B LO 455, 479—~409. 404
0 - e t/min
0 5 10
100 4. 40
] .&4)5 (compound 5)
g g ‘ 455, 479437, 426
> 0 T o t/min
2 0 5 10
w
I=1
£ 1004 AT (compound 7)
° 1 832 499. 479--106. 767
el 0 : — t/min
5 0 5 10
[+]
~
B 1007 02 a8 ( d 8)
= ] =] compoun
E q 513. 479—95. 06
= 04 — ————— t/min
0 5 10
6.21
100: &9 (compound 9)
B 497. 479—437. 492
01 — e t/min
0 5 10
1007 4.40 624711 (compound 11)
B 455.479—133. 112
0 L t/min
0 5 10

Fig. 1 LC-MS chromatograms of reference substances( A ) and sample( B )
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Tab.2 Linear regression data

[azs’] By ZEMEFE R (linear range )/
( compound ) (regression equation ) ' (pg-mL™)

a - FLFM ( a —boswellic acid ) Y=515.84X+6 897 0.991 6 0.204~204

3B-& Mk S M -5a,8,24-F £ F = M -21-R (3B - V=1 189.3X+14 985 0.9915 0.200~200
acetoxy—5 a —lanosta—8 , 24-dien-21-oic acid )

B - FLAEHR ( B ~boswellic acid ) ¥=2 090.5X+27 419 0.9928 0.252~252

L —11 o - HAAEE - B - FLAFR (acetyl 11 o —methoxy— B - Y=34.727X+350.03 0.991 4 0.202~202
boswellic acid )

3oa— LB - HRE -7,24 Z M —21- BR (3 « —acetoxy-tirucall-7, ¥=330.38X+3 065.4 0.9915 0.198~198
24—dien—21-oic acid )

3-0- L% - o FLAR ( 3-O-acetyl- a ~boswellic acid ) ¥=93.555X+889.39 0.991 0.208~208

P -20(29) K -3 o — L Pk S 24— R (3 o —acetyl-20(29 ) - Y=39.961X+253.35 0.992 6 0.194~194
lupene—24—oic acid )

3- 4 Bk 3 -11-T J - B - 3L & M (3-acetyl-11-keto- B - Y=12 101X+258 050 0.992 1 0.360~360
boswellic acid )

3a-4 Bt A OHE-F B JE-8.24- = M -21-R(3a- Y=528.6X+4 858.1 0.995 1 0.204~204
acetyloxylanosta—8 , 24—dien—21-oic acid )

Sa-F HOH B % -7,24- = 5 -21- R (3 a —hydroxy Y=696.21X+4 419.4 0.990 3 0.234~234
tirucall-7, 24—dien—21-oic acid )

3- % K H BE b -8, 24— i —21- ik ( 3—keto-tirucall-8, Y=212.58X+2 261.9 0.991 1 0.190~190

24-dien-21-oic acid )

R3 BUAYHBZEEREME EEUHREKRAEER

Tab.3 The results of precision, stability, repeatability and recovery of the 11 analytes

RSD/% ( n=6 ) [FTS% (recovery )(n=3)
[azsy]
(compound) K e M Giv-Kid ¥iE RSD/%
('precision ) (‘stability ) ( repeatability ) ('mean ) /%
o — AFFM (o —boswellic acid ) 2.5 1.2 4.0 95.6 0.90
3B- L M I -5,8,24- F B g 4 21- 1% 2.6 52 3.4 94.6 4.8
(3 B —acetoxy=5 a ~lanosta—8 , 24—dien—21-oic acid )
B - FLA&M ( B —boswellic acid ) 1.3 2.8 3.8 89.2 3.0
LM -11 o - AL - B - ZLF R (acetyl 11 a- 1.9 1.0 5.6 95.4 15
methoxy— B —boswellic acid )
3a-4 B H-H %-7,24 I -21-18(3a- 24 3.5 2.7 92.2 0.99
acetoxy—tirucall-7, 24-dien-21-oic acid )
3-0- ZBE3E — o FLFFR ( 3-0-acetyl- a ~boswellic 2.0 5.1 3.5 102.7 3.9
acid )
R -20(29) M -3a-2 BE 3 -24-R(3a- 5.1 2.1 2.8 92.2 2.1
acetyl-20( 29 ) ~lupene—24-oic acid )
3- Tk 2k -11- T 2 - B - 3L & 2 (3-acetyl-11- 0.87 2.8 4.0 96.5 1.8
keto— B —boswellic acid )
3a- & B4 - B IR -8, 24- A -21- 1R 0.96 3.6 2.7 103.9 1.3
(3 a —acetyloxylanosta—8, 24-dien-21-oic acid )
3a-# 5 H % ke -7,24- B 21-TR (3a- 1.9 3.1 4.6 104.4 3.95
hydroxy tirucall-7, 24-dien-21-oic acid )
3- R H K% ke -8, 24— = M 21— iR ( 3—keto- 3.0 3.1 1.8 92.1 3.6

tirucall-8, 24—dien—-21-oic acid )

i
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243 FUEMRE BN SIER, T 01,2,
4.6.8 h HEAEINGE , TSR A Rl 4 (a3 0, 25 2R L
3, K FEAIEIEIEE R RSD ¥/N T 6.5%, %W
HHR S VARAE 8 h LS RRE 2
2.4.4  JIFEFEDSCRIE: B “2.1.07 TR FLA BRI
ZHE L 3 0y, R B S R S AR A A R G TR
a4 92,117 TR O 3 A R W, 2R AR DU (]
WOR, ZER LR 3, 2505 LA F- B iR
89.2%~104.4% , RSD 4 0.90%~4.8%.
2.5 S HLIRFLAERE s

B E A e 4 00 2 O LA AL 791 5 7 gt
T, SRR TRE, TREMRRE=TRERE /&
2yt x 100%. R1~RS A& TIREM R L&
ET I 4, 45 RFL W RS S A B A B
B REE, UL RS S Sy T
M5E

T4 SHAIABERFUERDITERRTEEER(%)
Tab.4 Total content and extraction rate

of five batches of frankincense

FE i 2> HERE BT A i
(No.) ('yield of extract ) /% (total content ) /%
R1 46.27 3.270
R2 62.51 3.690
R3 51.17 3.876
R4 53.21 4211
R5 55.38 6.653

2.6 FfIJE S A a R

WAL A B R 2 J5 A s AR |, DU
ek Ao, 251 5. R 5 v L, i)
AFT o - FUHR . 3- A H RS -8, 24— & -21-

x5 IABEMRAREBRAEHERFUZESEE(%)

Tab.5 Content of 11 kinds of chemical compositions in frankincense before and after compatibility

e @iy

( compound )

(frankincense before compatibility )

FLAF - B ILALRT LA - RIS

(frankincense after compatibility )

o - AFFHE ( o —boswellic acid )

3B-Z T A —5a,8,24- L B g — 4 21-TR (3B -

acetoxy—5 a —lanosta-8, 24—dien-21-oic acid )
B- LA ( B —boswellic acid )

O —11 o — FHAR 3L - B- FLA T ( acetyl 11 a —methoxy—
B —boswellic acid )

3a-2 Tk -1 k% -7,24 = 4 -21- B2 (3 a —acetoxy—
tirucall-7, 24—dien-21-oic acid )

3-0- LI — o FLATR ( 3-0-acetyl- a —boswellic acid )

PR -20(29) Jis -3a- 4 BE FE -24- R (3 @ —acetyl-20
(29 ) ~lupene—24—oic acid )

3- & Bk AL -11- i - B - 3L A& R (3-acetyl-11-keto- 8 —

boswellic acid )

3a-4 M HE-F B IR-8,24- M 21-R(3a-
acetyloxylanosta-8, 24—dien-21-oic acid )

3a-F MO R b -7,24- = M -21- 2 (3 « ~hydroxy
tirucall-7, 24—dien—-21-oic acid )

3- ¥ 5 H k% BE -8, 24— — & —21- 1R ( 3—keto—tirucall-8,
24—dien-21-oic acid )

411 Ctotal content )

0.553 0.505
0.334 0.210
0.919 1.156
1.010 0.534
1.103 1.916
0.178 0.220
1.365 1.752
0.815 0.622
1.071 0.971
7.346 7.887

AR S
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i S /NIEE R %, 3B - LA S -8,24- £ E
R 21-R. W 1o - AL -B- AL HFR.

3a- OBEE - LR -8, 24- M 21- RS ERE
B B-FLERR PR —20(29) 4 3 a— Z ML —24-
23— S MESE —11- il JE - B — ZLAF IR & f& /MR B -
T, 3a - SR - HE% 7,24 Z 0 21- RS g
Tt
3 g

SIS R UPLC-TQ/MS B FH 5 ARG I L 75 vh
(K 11 A2 A, Ho oMt [a) S, v F S RE /D, 40 S
ROCR S A3 B 3 R B B, AT AR e O B I )
PP e s o B, A A R o B R R R U
FErio 2T A o Fh 288 2 HA A i 1k
LR AR, A UPLC=TQ/MS 156 F 42 A 7T DATE
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