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Abstract: Crocins are the only water—soluble carotenoids in nature, and consist of crocin—1, crocin—-2, crocin-3,
crocin—4 and cis—crocin—1. Unlike other chemicals widely distributed in various natural herbal remedies, crocins

are exclusively contained in traditional Chinese medicines including gardenia and saffron with high content. These
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carotenoids have extensive pharmacological activities. Therefore, in order to further study the medicinal value of

crocins, it is crucial to investigate the separation, purification, determination and structure—activity relationship of

crocins. Current review summarizes the separation, purification, determination and structure—activity relationship

of crocins based on the references of the past 30 years, and therefore facilitates further research and development of

crocins.
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VYL AEH 2 VG 2048 e 1A 1 M sy, i T
IR TVILLAE T & B, Wi 44 PG 2046 T, T2
FEVULLAET -1 VUL B -2 WH L4046 H -3 . W 2L 48
T —4 TR - PELLAET -1 2512 SRR AR
JUHAIR], 152 VU LLAETR , 194 St 22 e AN [) 50 7 e W T
WA RIS PELLAE 1 AT Jl— R AEAS R A 7Y
CLAETPRT A (18 1), FErh a2 46T -1 J2 VL0461
g e B R AR L 2 7096~80% . [ P A
FERPGLLAC T B MR T 1T IZ RIS, 4521
BRI BA PR PO T
PO R ia o s g " SRR, BT R
P E R YINE T ( Gardenia jasminoides Ellis ) BT 1§
AR, iz VR G rh MR R B IR L5t
Hr B HAE SR Y, o aE, BRIl =R, B
AT KR TR PR R A 7 2 Ak e 3 30
SRR, [ PN b 3 X HE 1A 2 1l 20 N 24 B A4 7 T
AT TIRABIGE, 85 R Bos e FHhiu2i b & w4
B S D7 L, VLT A6 55 R R A UG 41 4k
( Crocus sativus L. ) B TFAE %, A TG MALHE . el
i SRR A g IR R i
HABIESE s, Bl A R B, B RS , P ELAE
TR E T AR, AN ) 45 4 P 21 46 1 53 15 i T i B
[ R NS G E S TR RN EAW { Eoh 7 i EAN €
PRI 53 2 A A AT HER , T XA G W o A
I R AR 3500 2R AT A, AR TG 5~ A PY 2048 24
B PG LD AR 2R A5 W o s Al AL e oy B TAR R T
J&, I S 2 Wk 24 b o i T 9 S 2 BT M F T 4 A
2%,
1 AIEIBM4NTE

FI 20 4l 90 4K, A Ahaye 2 2 SR PR E IR AE
JEBT S AR s S AR X
HHZGHE T RIPE 2 AL TP PR LT AR 2800 B Al AL A T IR A
e,

hhiHE i

crocin-1:R;=Ry=Gen 1
crocin-2:R;=Gen, Ry=Glu (2)
crocin-3:R;=Gen, R,=H  (3)
crocin—4:R=Glu, R,=H  (4)
crocetin:R=R,=H 6)

cis-crocin-1:R,=R,=Gen (5)

OH
R SR CAL
HO HO OH
Ho of
gentiobiosyl (Gen) glucosyl (Glu)

B 1 EAEEMELEREY
Fig. 1 Structures of crocins and crocetin

1.1 HENE

L1l AEBAEEHTE (silica gel column chromatography,
SGCC L) H R SGCC 02 KRR W) 7 S alifb i i
FHREAR, P g B A& 1 B, ARG, 43 B [, Ab 2
TR, HE R AR LG W A R R T B RE Y
AN ARAR 5 B — G B0 T, 2R R[] 2 K e
JEAT WL TR AT DR BE, A% 1 /0 | T B B ) 55 5 e
VL, A5 5 L B RE T 5 3 S B VR, T VR A
W) 4 B4 FE ) 4l 4k, Chen 2815 5% H SGCC 4
HE R S PE LT AE T 2SR AT 00 B A T 2544 (40
kg ) W E R RS, A 40% 2 B8 I, 2 I A vk
45, 4R TR 26 B, TS 2 £ TR 3 67 42 78 SR JH ik i
FEJEAT, FH =& WP - WEE (3% . 5% . 7% . 10% ) #K
UKV, B — S H e (3% ) FBAL45 fh A5 B VG 21
TE TR (40 mg )oK AH BB A7 12 8 SR FH I FL W B A% i
HPD-100 4355, 1 (0. 25% . 60% ) MK Ve , 2 1
(60% ) FBAL R FHEE AT 2 AT, B2 1 (5% . 10%
15% .20% ) —[ P — 7K (16:13 ) ] 4 Wk i, 1 iR
ST -1 WEE - K (16:13) 1 (5% ) AR il £ A1
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ODS H:4lifb, RN PH a1 -3(3 g)o RAEKMH
P, 7 HOEE - K (16:13) - i R & TR (10%.15% .
20% ) TS AR B G P LI AEH -2 (1.5 g), I
A - PHLLAET -1 (200 mg ) FIPULZIAETF -1(3 ) 1%
AR A T8 5, AR, A3 B RO AT, il A i K
T AT I AR ST A BE AR A A v 4l B B T EL PG 21
ALK, SGCC 0 IE AR L3 1k, WA ] 306 g f
o, ECRAR . e AR, 2k X S 00 4 R A 7 R R A
=, SCIE I A XA

112 HlEA S ( preparative liquid chromatography,
PLCE) H 20122 60 - 10 & B = 4, PLC L 1E N
1 A PUE R R B A, B8 2 AL A 6]
G, FEREAE R IR YA 2 53 B TAE btk
KRB AR RO R v 2
SYESIERI R ST A AL A B FnaliAe L
B R ARG AR ARAT ARG o, DCR
R SliAb JE B R R o, Rl il B R R A B R 4y
BYIEaifk. BT, PLC AL =L &5
BT N FE TR = i AR A
J oy B EEAL R IR =W B Ak 2 = W A s AR
B:'®). Calsteren %[22] % ] RP-HPLC ¥ X 74 241 4¢ 1
PEAF Al B VLT ALK A 50% £ B, 128 R
Sephadex LH-20(5 em x45 em ) #£43 55, 9% J5 2K H PLC
P T Al RIS R P LI AL -1 MIPU 2046 HT -2 4l
flvo Choi 25 5% 2 1] 48 YAR €335 X DG 41 4B i
FT57 88 : 10 g THRHE TR SARUH A H e BRI
BRI B R AR , AT /KA, JEBCR ] Cg £ (25
mm x 100 mm, 5 wm ) 735, e 50% HEEGER, S8 5 K
FH 50% W 2 100% HRERE PRI, 15 B PG 2046 1T -1
(7 mg)s Zhang 25 251 PLC IR PG AL H #4085 -
FFPULIAE (30 g ) MU ATk L BERN 70% HIBERRER,
70% W BEALR B WA, 7 ISR Cyg A (600 mm x 15
mm, 700 mm x 8 mm ) PEF &G4k, P KA FE R, 4531
PHLTAEH -1 (12 ) PHZIAEH -2(0.6 g) FIPHZIAETT -3
(0.24 g). HPLC 73 T4 R o, Pl A6 -1 U2l ik
T =2 FIPGLLAE AT -3 B4l B2 5300 R 99.04% . 97.40%
96.70%. Koulakiotis 25" 5% FH >t 4 W AR (0,38 1 0o
PELLAEAT HAEAT 00 3 i AE o RP—-Cig A (25 mm x
10mm, 5 pm), ZNE 7K BH BE P, 43 2545 2 75 214
W1 aft 2. WaftHF3maiEy KT
98%., LA b 5 ik 4y i B PR, N AT 3 R BTG, i
U, ARAFAL A ) 60 B 5 1, Fc 2 T () e o) P 414k

-1 PHLLAETT -2 FPaLi et -3, iz AR il 224
XN, ARG TR R

BEAN , RALIR B AR — AN & i e A, oAy
FALAR G5 44 R R T AR ) w8 40 T W TR g, LA
Fb 2 100 RROR RN B 2 S50 ERT, %k R
TE R IR 25 k2% 183 4 8 el Ak R RT3, iR AL
WG EEAR R 2 R 5 PLC YR, nl i 40 B 2l Ak aod 7
I 55, Feng 2510 SR FHACFL IR BB NS 1 A Bt
A RO Hp R A €3 (R s 2 B A TSR S B PR 2T 48
-1 FHE A1 e TR (1.0 kg) H 40% HEEIK
PRE RS , SR LX—60 AL FHR g 25 4tk
J& , VELLAETT -1 FHE F 1 A 2l B 43 )k 51 29.6% Al
83.4% , 22 A 03 Rk alifl, VELT AR —1 4l
iK% 60.8%. SALGEH—4rE T 2R, FFLIR B
N&5 PLC ¥R A, (VG 20 46 40 3 T AR S m sk, It
HARALW RGP AE 2S5, SRBE A AT, A
12 il £ 2 552 ( preparative thin layer chromatography ,
PTLC %)

PTLC ¥k 2 535 76 A L AL & W 43 B il &
L A E T B T 10 mg A VLG )
g7 8 4l fk. PTLC ¥k 19 8 3% A JB 38 % o 0.5~
2 mm, [ B 437 7580 2 €0 1 v R Ak L B 4
1o RIE AR E R, DA TR B, o s R R, T
JEHE My B AR AL A 2L TAE . Tborra
4t S PTLC 15 %) 76 £ 46 oh VG 2046 4 -1 R 47
S DLHEE - K - OE(7:2:1) S I, [
FH R E AL AR 150K, , il £ 72 )2 Al S BE 1.5 mm, Jié
FELE RS (RE) 2 0.13, 3 B A3 2 VG 20 64 -1 (40
BE 70% ). Pfister 25 % H] PTLC 1 % H8 74 41 4%
T -1 34750 B B HE 2R AR K H S Bk, 70% &
B 4 S 4, BRI R FH A 8 R TS T JE AR AT 40
PIBE R TR - SN s - K (56:34:10) h J& FF 5,
ST 2B 6 = Mgy, L {ETE 0.1~0.6 Z
[, K 3 €335 A7 Uk M Tk 4, DAk e — SRR EF(2:1)
J R, 4-( —OF ) ik AR, R AT &
e Ak 2 0, 2R FH il 86 1k 5 8 J2 A 4l 4k, 431 R R
- BER B (3:7) FIIE & bt - BE R £ g - B
(3:1:1) B, B8 30 & L WAL PH L AETT -1, LuRS
HH 0.35. R 38 1] 43 B3 A FU LI AL R (7
LIAET -3 Bt - VLT e -1, UL RZL,
BOARBLR V8 2046 1 il A /N, (B 5 PLC A
Lt , PTLC AR ZERA B B 45 5

AR S
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1.3 & 3 R 4 35 15 (high—speed counter current
chromatography, HSCCC £ )

HSCCC ¥ & 1 Pl 3% 25 fm 240K — W 40 T €8 35 4%
AR SR R AS R s A R A R A TP A v A T
B2 3, 95 B AL A Y AEPIAR T 2 0 43 B, DT
S FW A P ) PR YR W R A A s s AR 1 el
VR 53 B (3%, AN T BEAT 0] [ AR A B S 90 , AH %
T A H LR AR U, AN 23 7 A R B R i R 3
R BRERES , R it A e, AR it 4 2 S AN 5 Tl Wi 6 )
@[30—31 io Liang %[ m%ﬁﬁ HSCCC k57 & aifbie v+
PELLAE A 12 5 T A5 7 F £ B (80% ) 75 $2 B,
TKABFRAOE IR MU F A ik B TR B L 1E T BEAR I,
BEPR B —1E THE—/K(1:4:5) NFBIM, 08
RAFVULLAE T -1, 465 R 97.1%. Wang EA S|
HSCCC #: PE - 5 5 v 43 125 2l Ak A [R] 4544 75 2148
OB TR A FH 2B (60% ) HEBUH 45 , % FHl HPD-
100 K L W B3 Jig 4 2 4, 409%~60% £, BE R, 1k
JI5R VR R P e 44 L PR — 2P FH A £ B HSCCC 1547
BB RGN IEC k- BER L BiR - 1IE T B - K
(1:2:1:5), K9 4 A 440 nm, 152 PG 20464 -1
(246.2 mg ) PHLLAETF —2(34.2 mg ) PHLLAEH -3(24.4
mg ) M PULTAEAF -4 (24.7 mg) ; UPLC ¥:E ik
YR et AR SEEE 73312 94.1% . 96.3% . 94.1%
98.9%, %Al —R Mo B aliAb i 4 ARl S5 F Ph 21
A, i T ARt R, AV LTAEF 2R AL S K il 4
PAET T2, BR L, HSCCC s S5 E Mk
FHEG, AR ERVE AT 5, XPRE AT AL BB R AR, HE R4
YR AT AT 45433, BT HSCCC BT ZE A2k
I THBR T VELLAE T 7 BAH BAA AN AT 300 02 B S 4
TR, PRI D R . IkAb, SR HSCCC i85
BIVULIAETT , B HAT S Bk AL B Al =, 2
I%, Hil & KIS TR, SR HSCCC 35 MAE T+
Af [R) 2l S [ S5 R PG LT A6 T Bk . SR ITT 1200 ik
TEVG LT AR AT 24k 0 58 B vh A E A AL I AR I
K, HEMERALH AE A FAR R 1B
1.4 HAhorik

Lautenschlager Ll R4l SR A e R LT A
(50 ¢) HEATIENG , SRIG R 20% L FEHEE Vs, s T
K, R FH R B0 (a3 3 (FCPC) EAT 20 85, K - &
Mt — B MG — Ot (7:4:8: 1) IRFI RGN FEE RN
AR, T2 R E AR, AR PELAE T -1(95 mg), 4l
FE R 94%, BEAN, AR IR RSZH A 38 1 i 1) 2 3 Ak

hhiHE i

PVULIAERR %A W, 48 0 AR, A

2R LRTIR  PRLTAE T 43 B i B R Y RIR)
Sy alifb it H B WF 58 TR HE LR SE a0 A5 R
WF5E B S BER A S H AR TP LLAETT 53 B il 45
(1), VULBFEERY, SGCC 1k Fras (A4S Al s B
FEA AL BB R A PELLAETT 13X 1Rk
145 1 PLC B2 M1 HSCCC 5 i T 3L B Mk s
SR EA 2L T R etk T
[#] 5 RS 95 B 1474, PLC 281 HSCCC v B B ML
T 2 FPEE AR, BT A S8 N D1 1 BB B R AR XTI
MR AE Z AT AN PLC R BB A — SL R
AREAT RUFor B50R . VU LIk s KA Hl
H2Ei ), O 5 5 TE S Ja B PO 2046 1 43 25 il 45
TR EE WA B AR A, DAk a5
TAEXTIAEE 5 G
2 AAEHFSTHRHERE

PULIAE T B RSO 1A 440 nm 2247, R 48
SRR T M R SR . R, Bl TAEFRIE 214
T PRLLAE T E R 22, R 30 4Pk, EI A
F R AN RO TS H B AR XE T RV 2L AL P45 Pa 21
AETTEN I ZFA RS A oAl . H AT, AEF-F
[IEEAW {2257, s RELTEAW S5 WK N T el [ S I R i 7
U Cah s 27 R 131" 3 £y N IE BT [ CE S E €7 R
2.1 EECGRAR TSRS]I AR R
211 EHUT 0RO €5 (high performance
liquid chromatography , HPLC 7% ) J2& 245491 431 vh i FH 1)
FEEIE T B I HoR, B 4y B R0R i, e Bk 4 2
SNTER BRI BEE TR F R K R, HPLC
HET ZH TR T a e 256 h v a e 1 a0 5 0r
W5 AT WY 4500 SR B HPLC-DAD ¥ X 75 £ 1€
PULLAEAT HEATRR N . (B354l Cog A, S NG 7K B Uk
Joi, A I3 K 440 nm. 25 R BN, PHLLAE T -1 i
W ETE 5.2~165 wg-mL™, P9 204645 -2 Jo & vk 7
2.7~85 wg-ml " YUY E RIFLRMEE R R EDY
KT 0999, 7 24 [0 45 2 43 531 Sk 102.5% F198.2%. 1+
N SR F HPLC-DAD 0 5 H6 - 24 #4 th g 21
EH -1 & & A5 R Cu i, &b -02% W 1R %
TR B R, R K 440 nm, 25 3 R, AN R S
IS HEAE T2 hPT 2L A6 -1 S 27K, P44k
-1 N 029%~1.06%. VU FERFFE i B— i 1) &2
Fh RS ASHI J7 [)  Ji , - HLREA X PHZLAEFINE 2544 Th
BRMEE RGBT, ] SRS Fh A TR s ASHI
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Tab.1 Comparison of various separation and purification techniques of crocins

PANEWIRES

( separation method )

U
(‘principle )

W

(‘advantage )

( disadvantage )

SGCC AR P2 1 ik A b 0% B R 0 R T
1Ml 13 | 43 B (separation according
to adsorption capacities of different

compounds on silica gel )

PTLC R H A B3 X [ — ¢ B 590152 B A 1 AS
[5), ol AN [ £ 5 ) 7 e O 550 v Ji T
AN, #4520 5345 5153 15 ( separation
according to adsorption capacities
of different compounds on stationary
phase, various components could be

separated by developing solvent )

PLC T 5 S A 2 o ) 5 A T
HEAL (038 28 490 v ok 52 B0 v 4 1L
& W 43 B (separation of high purity
compounds in standard chromatographic
systems using high loading and high

resolution preparation column )

HscCe TS AR ¥ 1 R T R B v A8 e
fr B3Rz 3y, o B A & W E P
AR ] 22 U 43 T, AT S5 30 L e )
A X R G 0 5T i B B (repeated
separation of compounds in two—phase
by immiscible two-phase by high—
speed planetary movement in spiral
tube, therefore a short time on efficient

separation of various components )

T T e T B L s UL
50 AN 25 A VG LT AE T B0K ) [ cheap
stationary phase, simple device, and
large amount of preparation ( a few grams
or hundreds of milligrams of different
crocins could be prepared from dozens of

kilograms of gardenia )]

L B AT DT, e e A W, 2y

# A 3% /b (simple device, convenient
operation, time—saving process and fewer

separation steps )

O B R AN AT BRI, AN TR A Al

W o3 B R R A AL BER AR, T
— WS AR BN PG LLAEH -1 VY LLAE
T -2 F1 7Y 41 46 17 -3 (fast separation
process, low irreversible adsorption, high
resolution of different polar compounds,
simple sample pretreatment and
simultaneous separation of crocin-1,

crocin—2 and crocin—3 in one run )

NP I A AR TEAl 73 W AN T L

il R SR R DR, T[] R R A
A PELLAET -1 PHLLAET -2 P 4r
AEHT -3 FIPHZLAETT -4, [l R0 o
PR (free of solid carrier, therefore
no irreversible adsorption, degradation
and deactivation of target compounds;
generally efficient and fast; simultaneous
separation of crocin-1, crocin-2 and
crocin—3 in one run; high recovery and

reproducibility )

FERLBEANT, 6 B (A B, i At (AT ML ARG iR, 2 b R 22, 1 7

JOUBE, X TN 5 B TG R
B £ 22 (considerable amount of
irreversible adsorption, repeated steps,
therefore tedious in separation process
and requiring high technical skill of

researchers, poor reproducibility )

SF B RO B, VE LAY -1 &
N A B BT R, B
7% (less efficiency of separatoin
and small amount of crocin-1
preparation, requiring high
technique skill of researchers and

poor reproducibility )

C AR RN R S
A AL AL 27 3K R e K (small
amounts of crocins preparation and
large amounts of organic reagent

required )

A LA 2 R I FE AR, AN TR 45
Hay 7Y 21 A6 1 € 35 4% 1F 1t 1L 8
fif (large consumption of organic
reagents and time-consuming in
optimization of chromatographic

conditions for crocins )

PL BRI, o T 2% PO 2L AL H AL 5 P A A
ZEBER, FE HPLC 3550 Br b — M BB AR AT R 4570 B I
K, BEWG AT T FPELLAEh PR LB T I S Y %
R M E o Bl A X PG 2046 FIHE 1 25 44 rh & T Ak
FIIT IR AW ST, BE 5T 16T e A 1 h 2 o
[ B A e A . AR eSS OR I 2 K HPLC
[a] B 0 € e 5 3 284 RO o B 9 A oy (B 1
T PULLAERR 3 FhULLAE T 45 ) i3 B (i ke
Cg M, A 2t D M P 0 AGE I 45, 0.3% H 1R A

HEE — N8 (9 1) BREE VRN ; ARGEAT T 45 i 43 1
ANEIEIE R, 78 3 5840 — AT LA 3 K F, W)
ARp I 2 L rp 3 28 B s ARG I K 440 nm I 22 P
LIACIR F 3 FhPULLAETE , 45 B W . PHLTAE 4 -1 #l
VG £0 A AT -2 J5 & VR JE E 1.0~100 g - mL™ 5 [
PZRPESC R AT, PH L4046 -3 Ji i Wk 7F 0.5~50
we mL VUMM LR R WL+ -1,/
LIAEHF -2 M VG 2T 46T -3 #1562 B0 K F 0.999,
S 1 8] i  h 99.2% . 101.2% & 98.8%., Li

AR S
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204 S2 ) HPLC-UV ¥ % 94 20 46 th 5 AN iR 43 #E 47
SE AT A A M Cg KR, F B — 1% I R A
JEE PR, K6 I35 K3 51k 200~600 nm B, 420 nm , 45
HB R, PLLAETE -1, WH LT AT -2, VL0 BT -3,
PELTAETHY —4 N VPG 21 48 B 2 ME Y il R4, M6 R %K
¥IKTF 0.999, H A1 H 8] RSD #/8F 11%, Chen
25 UL R HPLC-UV ¥ A I K I HE T~ P AR 745 . 74
AT -1 PULLAEH -2 PHZL BT -3 = - 74
CIAGTT —1: (USHN Cog M, S — KB EE VR, A5
W4 590 4 238 nm Fl 440 nm; 1 T 45 Ria &,
HILELE , PGS F AT T 250 PR 2048 1 5
FE o VAR SEE A P A PR A AE TR N £
ANy R 23 BT 2, 3005 2 5 L o0 B B A
VI FIORS % B SR A Bk

2.1.2 RNSHT FELAAEH IR Iz AT 15 4R
oK, A 43 SCHR A VG 21 A6 7E PR PR A A
AR R HEE L . RS2 R PE L AR -1 WS
T KR, R HPLC-UV W E T L84 -1 &
It S5 S RN PR TP AR I VS AT -1, A
W HE VPG 2T AR TR , 400 PG 21 48 1 2 7K i il PG 21 AE R
JE B, BRSO R HPLC ¥k I 5% 4
M PELAETT -1 Zd ik Huaedt -1 )5,
I TP REAS I B PU 2T 46 1, Hifn 254k BE — Asf [ iy
LA O S EAL 45 R BRVEL A -1 R
7E 0.86~27.54 mg+ L™ 5 FHl 48 1 B 47, Asai 0
R VG L6 R E 45 T/, SR HPLC Y5 X 78
LIAEAF AR AT A I - AR C g B, 0.1% I R 4%
VS VBFN 0.1% i TR 60 T2 Vs YRR B VR G , 285 SR | 7 v
ZEAETFAE /)N B T8 P9 B 7K Sk B PG 40 46 BR RS A I
A PN SR A A8V 21 4 T 1 2 T R S, I
) 3 A AR T AR = VY T A R RN VY 41 A6
TEAA Y 457 RIS M TR AR Xa R
S AR PE 21461, HPLC 36 X678 20 AE AR o ik 1 7
R I« 3 Bl A R H B - K - BE R (55:44.5:0.5),
ot LA i 3R rP R ARG T P 2T AE AT RS T I vk
BE VG L1 AL TR , [5) B V0 21 46 11 K & B0 7E HE it 9 0
Jr 8 v, SR AN, P 20 A6 3 0 KN TR g B s i R ek
A ELAE 235 P B s/ A A, T N i 3 Ok P 4T
FEAF KA 1AL HEAb, BB S R B
HIRVE 2T 46T -1 J5, HPLC 46 I ifi 3% v 7 21 4E
-1 &8 4505 Asai 70/ BUTH R4S 0 245 A1
L, PHLLAE T -1 HIRES 25 J5 UAR I P 75 £L AL TR 1

hhiHE i

T 2P WA I SR AR A DY 2 R -1
PUILPA 7R 53 45 K BUS L SR A HPLC 33 /2 K R i 2
PP LA -1 & & LS - BB -0.5% vk S iR
W (15:20:50 ) S0 3 sl AH 55 B2 Ve 0L, 45 31 W,
POLT A -1 WLPR 7 3 e a3 W b, o3 A T iz
Umigai 25" 0F 58 fe e AN 11 BR PU 21 4612 19 25 1%
B 12, R R VE LT AE TR F AR ST & N E
W B . Zhang %5 BIFSE KRR C IR P 20 46 AP
LI A6 R, % ] UPLC-MS/MS X Ifit 3¢ v 5 5 & & ik
AP e , & IR PELLAG T 7E B W a8 AR TR IK fif L PE 41
Viice

T AR IS 4 43 BT DN S8 F 5T 4 R (R 2) A,
VY 21461 7 38 P Bk K il B PG 21 48 R W LA I
TE A N RTBE W% 55 1k B P 2T 46 R ) 25 0 T R AR
Yo BTG AE R K ARSI M e A R
25, JF H 4% 55 0 0 240 A6 T 291030 A PE 4T A6 R 1
MMEEW, LA PR 2D, BOm HPLC 25 2 DA
JEBERHAT 55 . BT ER, i TIERNAEAR T
CLAETR T BB, Anfe] 26 #F g kb B R RO s
e HARAL AW, J& i A5 T 58 N B3 0 00 1 X A
ARME A o
2.2 BEERH AT

Wil 5 03 R 1 & R VROAH 3 - i (LC-
MS ) B FH 3 A R B a2 . LC-MS DA AH (3
OYE RS, MS MR RS, LC 5 MS R
H A TE B LS X E AR S m AU B e S
MS XA ML & W T 25 O 35 ok, B
65 N B AN T B A7 0T B R A2 4% 1 T Ak B R AP
W, R, U A R HOEIR R R E
o R AT R S R 2 S R I L, SR T LC-MS B
FHH AR BT 52 3R A 9 45 B A3 1 IRV B 73 B8 5 M8 7
Carmona 257 SR RO (3% — PR 25 B AL
T (HPLC-ESI-MS ) {4 PR 2046 15 FIPE2I4E
TP UEATSEE T : MS 2504 TR B 350 ¢, &
AEEHLIE 2.5 KV, BATEIEIE 195 °C. Ding %51l
it HPLC-ESI-MS #3577 AN [R] 77 HbHE T fb 2 48 2L
P13 5 X6 A 850 A AT 43 AT = MS A4 S T4 Tl
& 350 °C, TSR # 8.0 L min ', Z4L<E 206.9
kPa, 1 4 J [l 50~1 000; %5 S m/z 975[ M-H |~ &
FHm/z 999 M+Na | " B F AL AT -1 40 5
FU, m/z 813[ M-H |~ B m/z 837 M+Na |" &
THVGLLAEN -2 T8 T, Wu %9 R
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Tab. 2 In vivo determination of crocins

254
(drug)

424777 ( method

of administration )

PAIWIRES
(‘analytical

method )

piRzI |
('mobile phase )

ZE

(result )

S5 30k

( reference )

PULLAET -1

(crocin—=1)

PHLLAETE -1

(erocin—1)

PHLLAE Y

(erocins )

PHLLAE T

(‘erocins )

PHLLAETE -1

(erocin—1)

[EAR: A

( crocin—=1)

[EEaRiad

( crocetin )

PULLAE B

( crocins )

KB

(gavage in rats )

PR A SE R
(intravenous injection

in rabbits )

/NERTHE

( gavage in mice )

KB

( gavage on rals )

K

( gavage in rats )

KEILA T
(intramuscular

injection in rats )

I ONE]I

(oral in adult )

KB

( gavage in rats )

HPLC

HPLC

HPLC

HPLC

HPLC

HPLC

HPLC

UPLC—
MS/MS

B - 7K - UK i 82 ( methanol—
water—glacial acetic acid )
(55:445:05)

B — 2 —1% B2 ( methanol-
acetonitrile-1% acetic acid )

(15:10:50)

0.19% I 2 5 ¥ 1 -0.1% s T2
BRI (BRREVEME L 0.1%
ammonium acetate—methanol
containing 0.1% ammonium

acetate ( gradient elution ) |

FH it — 7K — UK R ( methanol—
water—glacial acetic acid )

(55:445:0.5)

F B —0.5% Fifi 2 ( methanol-0.5%
acetic acid )(48:52)

2 — HE -0.5% TR ( acetoni—
trile—methanol-0.5% acetic acid )
(15:20:50)

0.1% = Ji il 1R % W - 11 B
-0.19% = FEEERI (9:1)],
B BE VE I | 0.1% wifluoroacetic
acid solution— [ methanol-0.1%
trifluoroacetic acid solution
(9:1)], gradient elution |

0.1% W'’ % W - & M (B
B e ) [0.1% formic acid
solution—acetonitrile ( gradient

elution ) ]

BRI Ff A A I 1 VG 2064 -1, ARSI
P8 £ 4B TR ( crocetin instead of crocin—1
was detected in blood and urine )

I 3% RS I B PG £0AE Y -1, Hoi 25 3
JE 2 - i 2R 5 = % A (crocin-1
can be detected in plasma, and the drug—
time curve possesses property of two—
compartment model )

VY 21 A8 18 1 T8 PN WK A B 7Y 21 AE TR I
WS AL, 7 A% A SR A P £ AE TR
25 43 1 R AR ( crocin was hydrolyzed
to crocetin which was absorbed into blood
through intestine, and then converted into
crocetin glucuronic acid metabolite in vivo )

L ARG I H 7Y 2T A8, A0 Ak
PULLAERR, [A) I PG 2041 R Ak Hh BLAEHE
itk F1 iz 38 H (no crocin were detected
in plasma, whereas crocetin with low
concentration was detected, and crocins
were present in excrement and intestine )

L35 L R 2 M T A /K ik 5 AR s P 4
AETAF =1 43, (2 78 100 rhRs ) 38 45
fR VA TEE ) VY £ AL TR, 0 2R A T R T /K A
J BRI P P LT AR R kR UL 1
(no crocin—1 was detected in both original
and B -glucuronidase treated plasma.
However, large amount of crocetin, the
aglycon form of crocin—1, was detected in
the original plasma. The concentration of
crocetin did not increase significantly after
hydrolization by B —glucuronidase )

PILLAETT -1 ZHHURE E ST L,
A 25 9% JEE 2 — I i 2 4% R AR
(erocin—1 was mainly absorbed by organs
and tissues, and drug—time curve of plasma
possesses property of single—compartment
model )

VHLLAETR LL A 3 N A8 i
TR ( crocetin was absorbed faster than

other carotenoids in gastrointestinal tract )

VY Z1 A€ F 76 W M aH K i AP 21 4K R
(crocin was hydrolyzed to crocetin in

gastrointestinal tract )

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

AR S
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LYo mREE

HPLC-DAD-ESI-MS 3% Xt #8 F H 8 #l A5 &% Wl 5>
AT 3 B : MS A58 0 HE W 55 88 U5 17 B8 X,
EYE R 3.5 kV, B F IR 135 C, #EfLH R
110 V, R HLE 110 V; 85 B8 m/kz 975 M=H |~
B F Al m/z 859 M+HCOO |~ B F 43 il hy V4 41 4
-1 PG LA -2 47 F 25 171§, Bergonzi Hl Cai
2t 5152 ) sg YKy v AR TR IS AL A T RS
VI T %8 G5 R mz 975 M-H |~ B 7 A 20 4k
T -14> F 8 F g, ISk, Verma %5 5% I LC-
MS-MS 75 XF P £ AL TR P £0 A6 1 -1 FIPH £ 61T -2
SR BULIT AT oM R BIR, m/z 975 — 651
m/z 813 — 652 43BN P LT AL —1 FPH L0 464 -2
T B 0

%5 — 7 i, Masi 2 5% 5t 1 5% 5% )1 -
& AT W) - 5 3% ( PTR-TOF-MS ) B¢ H #% AR il
HPLC 7 %5 2 KR R B P 104 21 46 vy 20 46 1
P AREAT R 2, MS & F: TR I N
DL H,0" 2 W, B RS HL R 600V, iR EE 110 °C,
JE 77 0.225 kPa; i i PTR-TOF-MS & H ) 5 5
5 B DL K HPLC 43 B s 45 SR o, B KR v 20 4
PG 20 A6 (G H e 2 - PH 2046 1 -3 PG 41 4k
T - 4) B, ZERA BRI BT R E
e HR AL v o o R R v IO G B A L T A
FEBEPELF . VA Ty vk R i, B RNk
g, ] N NG T PG 20 A8 25 0 P S 2T A8 2R oy
23 EYNEHIKE

FE 407 LUK ( capillary electrophoresis, CE ) J&
20 2t 80 AF AR LISk B %y —Fh oy He R, B
PR AR PR TR R A D B AT R )T AR AR
B BT RAR =B A B R 0 CE LB
A BN o B E, = R L IR B T,
R 20 43 14 0 B 20 I AR B 22 AT v T
Zougagh %[35]%)5'35”57](%253% HL YK 5 ( nonaqueous
capillary electrophoresis, NACE ) X PUl fE #2417
B HAEEAE (75 pm, ALK 40 cm )
VE Ay 43 1 38 38, 75 5 L A 5T % 0 50 mmol - L7
TR FP P U - RS AN EE(1:3), 38 1T LR
16 kV, iz 17 i & 20 °C, Kz % K 435 nm, JE Sy 3
FE 3.5 kPa, 8 s, X PHLT AL 4 FppG 21 16 SRt T

hhiHE i

Chin .J Pharm Anal 2018,38(5) ‘ JPA

R s 45 R R, PULLAE 1 240 & W Hh 0 A a) EE
HPLC R, sb ik A Pt R, 580, o HER s
G o5 PG PR LT AL AL B o BT ORI T
HPLC, {H B RE SRS 55 , FBUPE 22 | X B i ik 22
KA o 3R 3 WU A ARRMEPTLLAL B A ik
4 4k

/=M o

3 ALEFERKEMAR

BEAZ A [ (] 25 25 4, B 2 1 A2 b 25 J 3L
2B E R E O, PR RV A qE
R, £ VU Z0 A6 1T 22 7 AU BEAX (1 O ) 7 i i 422
A BE R R R R, PR BN, PULLAE T S5 i h
BB 22 /b ] G| VY 21 48 25 B MR AR Ak
Sugiura 258 UBE 5 21 46 T AE B Uk i 2B SR Y
R A v S DX 38 LTP 41 i 4 T A9 RCR - 45 2R WoR v
ZEAEAE —1 15 3% PR SR T U L0 4B -2, Abe 251
PONITRAN R S N RN N N R R 2T
NMDA ( N- 1 5 —-D- R & & ) 32 & A T 30 il
YER AT IE Y . 45 R on, PRZL B -1 Lh Vg 20 4k
PR 7] 25 0 T B A ) 35 BELIST NMIDA 19 4170 i) )52 1 o
Escribano 25" X 74 21 45 1 i 98 20 B 2= K 1 400 o)
YERIBEAT DR ST 45 R o, VH L0 AL AT -1 % fi 983 4
A KA S T 170 V8 £ A8 R AN S 7 %) e 4
A K AR AT I /E T o Papandreou 25 X PG 41 4F
X B — V&M FE IR G B30 S M AT B B I
A - PHLLAETT -4 (VG 20 A6 TR W9 i 0 0l 3% 422 2 1> 4
25 WE L ) I SR D 0 A6 R (7 Z0 46 R T i 45 )
HERE TS HEL) XA B — v A AR R AT 4 1Y A Bl
AT W3, W98 R IR 2 - P 20461 -4 7 A X
TRA R BE N e dm il B — JE M AR R4 4 2R .
S, A H R B SEAR A5, Xuan 252 5 16 21 46 3
Xof WL I 00 g 38 o R0 A0 D) B T e Ak 52 AT AT - 4
LW, UL ALY -1 F1VY 20 A6 1 -2 X HR I 1 3
T4 hn B A0 ) BT e S A T PU 4L AR H -3 . PH 40 4R
T —4 FIVGLLAETR , VU 2146 17 35 %5 W5 7] e 2 5% ) 24
Y Z KW G, 2 aeny K45, DL
FE R, BEAE PO LAY b 0 2 0 A 5 4, Py 2L
A A5 P A 28 1 e S s PR AR 3 B i Y
ERE - TR R PHLLAETT R R FFE 45 2R I
* 4,
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Tab.3 Representative methods for analysis of crocins
Jiik BixiDIE Pagi e S e S 3k
('method ) (‘analysis object ) (‘analysis condition ) (result ) (reference )
HPLC-UV PGLLAE TR P LLAEH —1, V540 Nova—Pak S AH C iy 7 (4 wm, 150 mm x P4 ZLAEHF -1, VY20 6 -2, D5 2048 4F [4]
AT -2, LA H -3 39mm) M HP C #E(S wm, 20 mmx =3 KUGLLAETT —4 ZPk3E 9 R 4F,
P20 46 T 4 Cerocin=1, 4 mm); FAM HEE 1% BE R BR HISCHR BT 0999, H AALA [A]
crocin—-2, crocin—-3 and B Uk B K 9% K 200-600 nm B, 1 RSD ¥4 /N T 11% (in determination
crocin—4 in saffron ) 420 nm; i # 1.0 mL+min~'[ Nova— of crocin—1, crocin-2, crocin—3 and
Pak reverse phase Cscolumn (4 pwm, crocin—4, good linear range , more than
150 mm x 3.9 mm ) and HP C,4 column 0.999 of correlation coefficients, and less
(5 wm, 20 mm x4 mm ) ; mobile phase than 11% of RSD of intra and inter day
was methanol—1% acetic acid with gradient was observed )
elution; wavelength at 200-600 nm or 420
nm; flow rate with 1.0 mL * min™" |
HPLC-DAD PELLAE R VLT AE4F -1 FPE Zorbax Eclipse XDB—Cyg £ (250 mm x 4.6 P4 21 1£ ¥ -1 £ 52-165 pg-ml™”', 74 [36]
21 46 4 -2 (crocin—1 and mm,5 pm ); Tl A CHE KRR 1R ; 21 A6 -2AF 2.7-85 ng:* ml
crocin-2 in saffron ) KA 440 nm; i 1.0 mLL -+ min™! [R5 2 AP 2R e &R, MR R B4y
[ Zorbax Eclipse XDB-Cys column ( 250 51 2k 0.999 9 F110.999 8, - 14 [A] i R
mm x 4.6 mm, 5 pwm ) ; mobile phase was A 9 1025%  F198.2% calibration
acetonitrile and water with gradient elution; curve were 5.2-165 g mL™ (r=0.999
detection wavelength at 440 nm; flow rate 9)and 2.7-85 pg-mL™ (r=0.999 8)
with 1.0 mL * min™" ] for crocin—1 and crocin-2, respectively;
average recoveries of crocin—1 and crocin-2
were 102.5% 98.2%, respectively ]
HPLC-ESI-MS  #E T " V4 £1 46 # -1 A1 P4 Agilent ZORBAX SB-Ci £ (1.8 pm, 2.1 m/z 975[ M=H ]~ & FHM m/z 859 M+ [ 49-50 ]
21 46 1 =2 (crocin-1 and mm x 50 mm ) ; WEIAN 1% Hiig -2 HCOO |" & + 4 % N W4 41 4&
crocin-2 in gardenia ) GEREEVENG; BANAE R 3.5 kV; BT Fr-1M P20 8 20 8 1
PRI 135°C ; HEFLALE 110 V; #F 1§ (m/z 975 M=H | " ion and m/z
L 110 V5 HLE 25 525 1 IR B 28 A 859 [ M+ HCOO ]~ ion were molecular
[ Agilent ZORBAX SB-C, g column ( 1.8 ion peaks of crocin—1 and crocin-2,
pm, 2.1 mm x 50 mm ) ; mobile phase repectively )
was 1% formate—acetonitrile with gradient
elution; capillary voltage at 3.5 kV; ion
source temperature at 135 °C ; tapered
voltage at 110 V; debris voltage 110 V;
electrospray ion source negative ion mode |
PTR-TOF-MS. PHLLAE APt - PHZTAEH - Luna C A (5 wm, 250 mmx 4.6 mm) ;i 4> %) % JH PTR-TOF-MS Al HPLC [54]
HPLC U - PHLAET -4, Sk CHRIRIESE pH 32)- ZfG  XF Lb 43 B, & R A 78 20 46 h v

K- VL -2, e -
PELLAEH -3, ) - VE 4L
BT -4 F1 2 50 - Py 2048
# =5 (cis—crocin—1, cis—
crocin—-4, trans—crocin-2,
trans—crocin-3, trans—
crocin—4 and trans—crocin-5

in saffron )

I VEME; T4 0.8 mL - min™'; 5T T4
NI H,0™ S ; % H T 600
V; 5 110 °C 5 1 770225 kPa[ Luna
Cys column (5 wm, 250 mm x 4.6 mm ) ;
mobile phase was water ( adjusted to pH 3.2
with formic acid ) —acetonitrile with gradient
elution; flow rate at 0.8 mL * min™'; proton
transfer reaction by H;0" as the reactant; drift
voltage at 600 V; temperature at 110 °C;
pressure at 0.225 kPa |

048 WO H R -7 4 gk
HW-3MWLaEtr-4) T EEm
[ determinations of saffron with PTR—
TOF-MS and HPLC indicated saffron
from Italy possesses high content of
crocins ( particularly trans—crocin-3

and crocin—4 ) |

AR S
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WiRES ViRiIPIE 3 G3HT AT 25 EE DG
(‘ method ) (‘analysis object ) ( analysis condition ) (result ) ( reference )

NACE PELLAE P PHLLAETT -1, PUZL A SEBANAE (75 pm, AR E 40 em ) PULLAETT SRR T A R AT, ARG 2R [35]
PETF =2, LD AETF -3 0 RSl iE, 3 SO B O 50 BOR T 0.99, HAEMDGL A& M4 T, 74
74 21 4£ 1 -4 (crocin-1, mmol - L™ B % H 23 Y — 020 A HY LIAC T A A IR ) L] HPLC
crocin—2, crocin—3 and BE(1:3);i3fTHE 16 kV; i TR ff K. (the correlation coefficients
crocin—4 in saffron ) 20 °C 5 S #E#E 3.5 kPa, 8 s ( quartz of crocins are greater than 0.99 with
capillary ( 75 pm, effective length good linear range, and under the same
40 cm ) as the separation channel; conditions, the crocin compounds
background electrolyte solution is 50 peaked earlier than that of HPLC )
mmol * 1" boric acid methanol solution :
borax—methanol ( 1:3 ) ; operating
voltage at 16 kV; operating temperature
at 20 C ; pressure injection at 3.5 kPa,
8s)
F4 ALEEFHERKRR
Tab.4 The structure-activity relationship of crocins
1543 ( components ) B ( models ) 2551 (results ) 275 3k

( references )

P4 2L 46 1 -1 F0 PG 20 4E 1 -2

( erocin—1 and crocin-2 )

PELLAETT —1 FIPULIAERZ ( crocin—1

and crocetin )

R - PHLLAEH -4 FPELLAEH -2

( trans—crocin—4 and crocin-2 )

PELIAETT 1, PHLCAETT -2, Fa 214k
=3, PULLAE T -4 MPY L A6 TR
(‘erocin—1, crocin=2, crocin=3,

crocin—4 and crocetin )

I LT T 1 ES 5 Ml 47 PULLAE T -1 X & B 5| R A ¥ 5 X 3 LTP J [58-59 ]
(inhibition of ethanol-induced T8 T 4 22 50 NMDA 1 51005l 35 4 55 T V4 2146
hippocampal synaptic injury ) H-2( inhibitory activities of crocin—1 on ethanol—
induced LTP and hippocampal neurons
suppression in hippocampus of brain were
stronger than those of crocin-2 )
Jib 928 41 1L 0 461 3 14 Cinhibitory activity P8 2164 1 % 88 410 6 A= A7 3000 7E L, ini [60]
of tumor cell ) VY 21 4 iR % A (crocin—1 inhibited tumor cell
erowth, whereas crocetin did not )
B — JE By B A 40 36 T Cinhibitory X - PULLAETE —4 X B - TERFER A 1Al 1 [61]
activity of B —amyloid polymerization ) FHaR T PH 2046 -2( inhibitory effect of trans—
crocin—-4 on ( —amyloid polymerization was
stronger than that of crocin—-2 )
A1 34 I T a9 R P B R D R A2 Ty P LT AR TR — 1 R LT AR 2 42 1 NI 0 9 2 [62]

fiE (eye blood circulation enhancing
activity and recovery of retinal

function )

KL AR S DI REAIR T PH£LAETT -3\ PHLLAE
H —4 FI7H £1 4£ TR (less enhancing activities of

crocin—1 and crocin-2 on eye blood circulation

and retinal recovery were observed when

compared with crocin-3, crocin—4 and crocetin )

4 NEFRZE

AR SCHEIR I 30 47K HE - FPE 2146 P8 20 46 1
B AlAL AT A AR RS R . [ N Ah
2 R FH A5 P (033 B R X HE - PG 21 48 P 21 48
TR & W AT 0 B g, SCHR 7, SR F SGee
AERAT B R VLT AL T 405, (A S R iR

hhiHE i

FEAR, T R HEATHEE T, BEE B HR it 45,
— WK BE A B 0 8 B AN TR 4549 16 & 0 19 PLC 7
Je HSCCC ¥ETE VY 2L AL 53 25 2k v iy s 3432 ¥ 10w
ok, BT, HPLC YA iz 0 THE T FPa 2048
WP 2T AT S (R A3 BT AR I, 45 51 BN A T
PG LT A8 43 AT R 0 T e 26 4, R 0% i FL A
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BRBE P, T LC-MS 32 U] n] 52 BUAG 5 F1 P4 21 46 Hh Y
ZLAETH A 5 B0 ] S8 PR PR 25 4 25, 10 T
PR | VB M S 2 i P U E IR R P LA R
A H B L AR VLD AR RO R RIS
ZE AR A Bl B A P o 1 B A S 9
BTG 5, R X AL G WIS PR A AR S 2 P b
B AAEAROCE . 25 1 A 45 I 27 5 0 Py 4
FEH o B Al il € RO R AT T2
FE, A5 G 4 BEA AL 22 R A By 2t B A R 4
AR R VELLAETH BEAT IR A BRI TE B 024 I 5T
751
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