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[Abstract] Objective: According to the GB/T 15000.3-2008, to develop a fucosterol certified reference
material based on the project approved by Standardization Administration. Method: Fucosterol was isolated
from Laminaria japonica dried thallus via 95% ethanol extraction, vacuum concentration, repeated column
chromatography separation, recrystallization in petroleum ether-ethyl acetate, and residual solvent removal. Its
chemical structure was identified by elemental analysis (EA) , infrared spectrum (IR) , mass spectrometry
(MS) , nuclear magnetic resonance (NMR) and X-ray diffraction (XRD). Its homogeneity, stability, and
cooperative certification conducted by & laboratories were carried out by high performance liquid
chromatography with evaporative light scattering detector. Result: For the fucosterol reference material, the
certified value of purity was 99.54% with expanded uncertainty of 0.16% in confidence interval of 95%, the

stability was good within 24 months storage period at 2-4 °C, which met the technical requirements of reference
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material and passed the acceptance organized by Standardization Administration. Conclusion: The national

standard materials of fucosterol has been successfully developed, which can be used for the determination of this

component, the evaluation of detection methods, and the detection and quality control of related products.

[Keywords]

fucosterol; certified reference material; homogeneity; stability; certification; Laminaria

japonica dried thallus; high performance liquid chromatography (HPLC)
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N Laminaria japonica B T MIRAK , BE 5 AR AT
T H AR UE IR I TR ST T L
2 AERS4ER
2.1 FEEIEIA TR SR AR 1 40 H
BRAS VT8 o BRI T8 2 kg BOA R 28 v
JMA 95% £ 15 80 L, i3 # 48 h, EH 3 Ik, & I #2 HL
T, AE HERE 76 KA - 60 °C V8 I ¥ 45 1 B B IR LR B
70 g K RLEEWI N £ R £, B 300 mL il %5 i J5 A
REIE 210 g, $E5) € 4% 75 S vk 4 5 HEAT Rk AT €871
I MR AT I -2 TR 2R (10:1,8:1,5:1,2:1)
2 3 A AE AR B B PR BE 43 S e Ve 4 L T A I k-
LT TR (8:1,5: 1) Pk M 70 At 11 €8 48 & 4R
A, b UB AR 1 AR A A5 B Al 2 90% 1Y 7 B
BERE i o PR A MMEE-C R O BE(5: 1) BEES &, &
AAT R Al AR 2 2 Ol (S
2.2 ZEMSEE
221 JLEGH JTR AR E SN &
950 °C (& # FH iR , M 400 °C F+ & 600 °C , F
800 °C , 5% 7 K& 7E 950 °C ) , kE4H 65 °C , # i &
140 mL-min", 2% S i 100 mL-min™, K #F £
L HFEFEREIR 12 s, A0 250 mL-min™ , i EA 5 s
S R TN C,HL0, JE K C HH 9 B E 43



527 B 24 W] HEXBAFZRS Vol. 27,No. 24
2021412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2021

B 84.47% F1 11.65% , 5 B i 5 ~F- 34 8 W) 43 51 Ky
84.34% H111.68% , I % {H 5 BRI AH AH AT

222 ZLAMEEE OB E oF KBr R R ik I E 21 4b
ik, WL 1. 45 R oK, 3 426 em N EEEIE-OH K
45930 ;2 955, 1 374 cm™ ke k& CH, 19 11 45 9% 3
FIASIE SR 3 ;2 850, 1 458 cm™ S ke B CH, 1Y il 45 ¥
A TEIRS ;1 663,820 cm™ by = BRI B 1 {4
PN AR SN ;1 048 cm™ S C-O 4 IR 5 . K
st [ 21406 1% B5Hie 56 W 45 4 v A7 6 B BE(CH) L
I EL(CH,) , B3 (OH) , Bk %5 (C-O-) , = WU k2
(C=CH)% M ,

W

gz ¢ HER 2 88 %% $2£%%G::: sz

g FE @

3500 3000 2500 2000 1500 1000 500
BH/ em™!
1 ABEEOIRE

Fig. 1 Infrared spectrum of fucosterol
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Table 1 NMR data of fucosterol
No. 5, DEPT 5, COoSY HSQC(C—H) # 4> HMBC(C—H)
1 37.30 CH, 1.82,m,1H;1.07,m,1H 1.50,1.07;1.82,1.50 1.82,1.07 -
2 31.70 CH, 1.50,m,2H 3.53,1.82,1.07 1.50 -
3 71.80 CH 3.53,m,1H 2.28,1.50 3.53 -
4 42.30 CH, 2.28, m,2H 3.53 2.28 5.35
5 140.80 C - - - 2.28,1.01
6 121.70 CH 5.35,d,5.2Hz,1H 1.95 5.35 2.28
7 31.92 CH, 1.95,m,2H 5.35,2,02 1.95 5.35
8 31.91 CH 2.00,m,1H 1.95,0.91 2.00 -
9 50.10 CH 091,m,1H 2.00 091 -
10 36.50 C - - = 5.35,2.28,1.82,1.07,1.01,0.91
11 21.10 CH, 1.48,m,2H 2.03,1.17 1.48 -
2.03,m,1H 1.48,1.17
12 39.80 CH, 2.03,1.17 0.69
1.17,m,1H 2.03,1.48
13 42.40 C - - - 0.69
14 55.80 CH 1.10,m,1H 1.55,1.00 1.10 0.69
1.55,m,1H 1.84,1.29,1,12,1.00
15 24.30 CH, 1.55,1.00 -
1.00,m,1H 1.84,1.55,1.29,1.10
1.84,m,1H 1.55,1.29,1.04,1.00
16 28.20 CH, 1.84,1.29 -
1.29,m,1H 1.84,1.55,1.04,1.00
17 56.80 CH 1.04,m,1H 1.84,1.41,1.29 1.04 0.69
18 11.90 CH, 0.69,s,3H - 0.69 0.69
19 19.40 CH, 1.01,s,3H - 1.01 -
20 36.40 CH 1.41,m,1H 1.41,1.08,1.04,1.01 1.41 -
21 18.80 CH, 1.01,d,6.4 Hz,3H 1.41 1.01 -
1.41,m,1H 2.06,1.89,1.08,1.01
22 35.20 CH, 1.41,1.08 -
1.08, m,1H 2.06,1.89,1.41 1.01
2.06,m,1H 1.41,1.89,1.08
23 25.70 CH, 2.06,1.89 -
1.89,m,1H 2.06,1.41,1.08
24 147.00 C - - - 2.20,2.06,1.89,1.59,0.980,0.978
25 34.80 CH 2.20,m,1H 0.980,0.978 2.20 5.18
26 22.20 CH, 0.980,d,6.8 Hz,3H 2.20,0.978 0.980 -
27 22.10 CH, 0.978,d,6.8 Hz,3H 2.20,0.978 0.978 -
28 115.60 CH 5.18,q,6.8 Hz,1H 1.59 5.18 2.06,1.89,1.59
29 13.20 CH, 1.59,d,6.8 Hz,3H 5.18 1.59 -

T ed B s m. 22 H UG q. DU HE UG 5 s, HLIGE

10, 3o X0 A5 ORI s ) ( H 8R0) 5 X=12, B4 K
6 0] 5] 5 £ EF 17 34 H % (0+6+12+18+24=60 1 H ) 5
TE1] o A U 7 (5 9K) Z L5 Y, D B I A5 1Y 4
(%) ;Y=99.59% , Bl 5 YRG0 400 J35 11 37 B4 5 i e m il
B BUE 1,2,3,4,5, B AKX N, =
Y - 5,X=99.59%— ( -6.67x10°x12) =99.60%. H %
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Fig. 2 Structural formula of fucosterol
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Fig. 3 HPLC of fucosterol
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Table 2 Homogeneity test of fucosterol certified reference
material %
FE G5 i 1 W4 2 M43 T (E
18 99.62 99.55 99.57 99.58
21 99.55 99.59 99.61 99.58
35 99.63 99.58 99.59 99.60
40 99.58 99.56 99.61 99.58
86 99.61 99.56 99.58 99.58
99 99.58 99.58 99.64 99.60
117 99.59 99.61 99.58 99.59
120 99.56 99.62 99.60 99.59
123 99.62 99.61 99.64 99.62
124 99.58 99.62 99.62 99.61
141 99.59 99.57 99.57 99.58
154 99.58 99.62 99.59 99.60
155 99.59 99.63 99.64 99.62
173 99.58 99.56 99.56 99.57
196 99.58 99.62 99.64 99.61

ARFAR N LAY, R LI B SRR E 1, R W]
HEAE 240 A KRB0 A 0 N AR E T R A KRR E
PR 96 1) AN 8 52 B (U ) T3 A U0 Uy =s (b)) xt, ¢
PR oA BN IS S O DTV €/ AR AN/ o A

R3 AEHEBEGERERYIUERRBHTESN
Table 3  Variance analysis of homogeneity test of fucosterol

certified reference material

J7 26K SS f MS
24 [ 0.344 964 14 0.024 640
41 0.632 667 30 0.021 089
S 0.977 631 44

U,=s(b,) xt=1.34Tx10°x24=0.04% ( 1T ¥ i — {17 Bt
). LA b B RAE R o by 45 SR R I 2 6 b v
R il A AT UL 25 DA BB T DR AF 24 A H RRUE P RAF, BD
TE S2 B AR 45 1k (IR 2~4 °C) T, 4 ¥ S BE A A
BIART 24

b =[2<X1 —ﬂ(n—ﬂ}/ﬁ(& -X) 8

i=1 i=1

szzi(Yf—bO—b,Xb)/(n—Z) (2)

n

s(b,)= s {Z(X, - X)T (3)

i=1

272 FMREN MELEMEEmS R DN
e P BB i SR U 1B i AR F T (25 °C)H6 d
W R EE . 20 T4 0,2,4,6 RyEFTAN, R H
g AT RRUE — b 3k 00 R TRC ) A R M A R
w405 3 5110 99.56%,99.62%,99.57%,99.59%, it
WAL i 7R RS S 2T 6 d WA IR FRERUE -

2.8 EMH HAE GB/T 15000.3—2008"" # &
IG5 G TR A, R T 22 58 52 9 28 WM 4G 300 1Y
J5 HE AT o B S I AR O Y (8 3 BT L B 2 2
FE B 20 AT I SE G % 00 8 K, B 58 1 B ML 4k B 2 TR AR
i 3R R, 4% 2.3 TN €3 A5 RO B I E 3k,
U T B — Rk AT e YL X 8 AL E M 64
BT s. k4,
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Table 4  Certification data of fucosterol purity from eight
laboratories %
afi i
L F¥{E RSD
1 2 3 4 5 6

1 99.52 99.52 99.54 99.55 99.56 99.56 99.54 0.02
2 99.48 99.49 99.56 99.64 99.64 99.65 99.58 0.08
3 99.51 99.53 99.54 99.57 99.60 99.61 99.56 0.04
4 99.64 99.70 99.73 99.76 99.80 99.84 99.75 0.07
5 99.47 99.48 99.49 99.50 99.50 99.52 99.49 0.02
6 99.49 99.52 99.53 99.54 99.58 99.59 99.54 0.04
7 99.23 99.24 99.24 99.26 99.28 99.29 99.26 0.02

8 99.59 99.60 99.61 99.62 99.62 99.63 99.61 0.01
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A 8 S =5 (1 I 52 25 L, >R I Grubb's 46 56
AT R, R R B S A I A R R TEAS A0 A
3 T DA b G R e A s 1 7 5 AR B AT S GB/T
15000.3—2008"" [ ZL3K . SR FH U4 B 7% A6 46 45 52 56
TR EATE AR R R . U W] A 2 R e
4 3RA R, WM FH Grubb's K 56 1k X 45 5K 5L 56 25 1 °F
BIE ST R 56, T B 1 400 (8 E AT 5 5 (A
5, S5 2 (8] B Grubb's G811 1 5% 22 5 bR i 25 19 HL(E
GIJ/INT Gy o506 (P=0.95, 5 £ A 6 YR A4 I FHE ) FI
G 0006, (P=0.99 , I 15 55k 6 Y I FEAE ) L P I K 4%
R 5% 0 = A B8 A A O T D A T EEL L T H 5 8 K E
S5 R T A B br o 25 o 38 i BRI o A L A EAE
w4 E Y O Y (8 99.54% ., X3 4 R B gEAT O
2250, WK S,
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Table 5 Variance analysis for purity data of fucosterol from eight

laboratories

Ty 2K U5 SS f MS
2 ) (9250 % Z f) 0.788 167 7 0.018 439
2N (LB UL 2 18] 0.078 400 40 0.001 960
pexill 0.866 567 47 -

2.9 EAE TN B2 B E MR PE GB/T
15000.3—2008""* #iL i , 2 {H 45 4 hy 4% 1k (5 F1 U, 41
B o AR 40 0 At R AR S AR U RE A
FEPEE A U o R IR EIE LG0T o0 07, B2 T 2 3
T s A i 1) T 20 ) B o D 25 S(%)=0.14% , 5E
628 N A MR T D 22 S,=0.05% , S I 5[] B A2 M
b 1 f 25 S=0.14%, & 7 35 (5 19 KN 8 2 B U, =
U(X)=y/S2 + S} (X)=0.05%, X H S H A RFHH x
B A R 1R 22 B BRVE D 22 , S, (X) N AR S B4 & A9 78
Bl VE AR R 22 o A AR SRR M A R A T O B
FE T Uy BB VB 22 (B RS 56 19 AN B0 52 5 U, 920
PR 50 N0 5 B U, SR i MR 36 1 AN 2 B U,
AL . L7 A K 50 25 R T AR A BRI E B U=0.08%,
A 5E FE U,=kxU=2x0.08%=0.16% (95% & {5
DX TA] 5 koA Uys (9 R85, UM 2) o 7 3 655 B b ME A
i (R4 99.54% , B AG R 95% 1 Uys 42 0.16% -
3 g

E T, V9 R R Y K SR 7 ) 1R G b v R i ) A
il AE 6 ki b A ok IR A A AR SC LA T R 2 R
A R WF 5T % G, #E ST T 32 B A A o S Y
BB BT I T A A S IR A AR
L] = T O (= N 17 R 1 T D = i

- 136 -
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B3 b A B A B R R PR MR S B B R B R,
2o RAR Wb WERE S TAE AL PP 8, b o B 5K
PRAERE o A BOR Ty I ff e T S
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it 25 P9 R 8 A St B R, 2 B DA SR i ST 3] ¢ i B
it 11 4 P R s A S R TR 04 AT ) 3
AT P AR 5 Y s L, AN AT T S
T E ARSI D P E A OGS T 5
Pl 0P | R A A B Y A O
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AL e B R SR AL T R R S
[(FIzEMsR] ALRAEAEMHEFE.
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