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Abstract: Objective To study the equilibrium solubility and oil/water partition coefficient of Hawthorn leaves flavonoids (HLF)
components, and compare their similarity, to lay the foundation for the characterization of the overall water soluble and fat soluble HLF
components. Methods Taking HLF components as model drug, rutin, quercetin, and hyperin as representative components. The
HPLC method was used to determine the equilibrium solubility and apparent oil/water distribution coefficient (P,,,) of the components
at different pH values and water. The similarity was evaluated by the vector cosine method (cosines) and Grubbs method (Grubbs).
Chromatographic conditions: The chromatographic column was Zorbax Eclipse Plus Cg column (250 mm X 4.6 mm, 5 pm), and the
flow phase was acetonitrile (A) - 0.4% phosphate solution (B). The gradient elution program was 0—10 min (80% B), 10—11 min
(80%—60% B), 11—20 min (60% B), 20—21 min (60%—80% B), and 21—25 min (80% B); The detection wavelength was 360 nm;
The volume flow was 0.8 mL/min; The column temperature was 40 C. Results The equilibrium solubility and P,,, of rutin,

quercetin, hyperin were similar in different pH buffer solution and water. The solubility value of lutin, quercetin, and hyperoside in the
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buffer solution of different pH were 0.998, 0.988, and 0.987, respectively. The cosine value of the apparent oil-water distribution

coefficient was 0.976, 0.981, and 0.978, respectively. The cosine value was greater than 0.9. The Grubbs value of equilibrium
solubility of lutin, quercetin and hyperoside were 1.057, 1.083, 1.124, 1.117, 1.022, 1.030, 1.082, and 1.112, respectively. The
Grubbs values of the apparent oil-water distribution coefficient were 1.125, 1.107, 1.079, 1.034, 1.041, 1.037, 1.129, and 1.128. The

results of Grubbs were less than G critical value of 1.153, and the similarity was good. Conclusion The similarity analysis reflects

that the degree of dispersion of components objectively, which could increase the science of components evaluation and provide the

basis for the formulation design of components of traditional Chinese medicine.

Key words: similarity analysis; cosine method; Grubbs method; Hawthorn leaves flavonoids; equilibrium solubility; oil/water partition

coefficient; rutin; quercetin; hyperoside; water soluble; fat soluble; HPLC
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43515 0.05. 0.1+ 0.05 mg/mL TR & R S IE
2.2 XA RE

F5 4 FREL HLF 200 mg, # 10 mL &=+, i
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231 ik @i FEA Zorbax Eclipse Plus Cig
(250 mmX4.6 mm, 5 um); JiSIHHA L ME-0.4%7%
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Fig.1 HPLC of rutin, hyperin, hyperoside hybrid reference
substance (A) and HLF (B)
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FRRERE 20 pL, BEATINE, DAUETA AR (),
Xof B St VAR R P R A AR (X0, EAT 2R RN,
BEIEATERNET Y=11.69 X—0.09, r=0.999 5;
Gk Y=20.51 X+0.12, r=0.999 2; #i &=
Y=17.13 X—0.02, r=0.999 3; Z&M:7EE 5N
2.5~30.0. 5.0~60.0. 2.5~30.0 pg/mL.
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24.1 AN[F pH EZ MR EIERE R HER I
FULEAA RIS I L, 456 NARTHAGE A 3,
TELADA 1) 70 7 9 AT 1) 7 1 L UL SO AL TE pH EAS
A (R RE s, 64 pH B3 018 1.0 3.64 5.4, 6.0,
6.8 7.2, 8.0 ) 7 PR SoKAE AN BT, T (R
[EIZG4L) 2015 4F AR PUFRIE N 8004 f) 7 ! hd i) 22
MR

242 CPETABERIED & HLF 25
BT pHIE N 1.0. 3.6, 54, 6.0, 6.8. 7.2, 8.0
Gert oK, AT 3 4, AR, FOTEIR
(37+1) C/KTFIRY 24 h, EOPESE N 3 000
t/min, 2.0 10 min, H 0.45 pm FIFLFLIERRSERT,
BREEUEM 5 mL BT 50 mL B, LL 60% L EE %
R, 2045 pm PALIEEE, HUskg
W, F% “2.3.17 TR AR 3R 20 pl, 13
TR, ARNENETTRE, TFEA T Asepkdr. Ml
FRWE, WE TR, SRIE 1. LU
Fz1 HLFEDEARFEpHEZHRPHTEBEE (n=3)

Table 1 Equilibrium solubility of HLF components in
different pH buffer solutions (n = 3)

TR (ugmL )

i BT ealE  WEE
22K pH 1.0 447.95 357.86 296.72
22 pH 3.6 738.05 618.82 958.16
Z%0P pH 5.4 280.38 264.75 215.57
22 pH 6.0 545.39 477.71 735.19
22 pH 6.8 774.06 583.27 940.95
LR P pH 7.2 486.48 409.23 579.88
22 pH 8.0 529.98 455.88 664.93
K 745.51 628.98 1050.26




© 2886 ° L3

Chinese Traditional and Herbal Drugs 2% 48 %% 3 143 201747 A

HBEAE 5 pH AR K, 3 AN B4 A it Bl 2
Ak, (B ESFAAE. HATE pH 1H 3.6, 6.8 2%
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Table 2 Apparent oil/water partition coefficients of HLF
representative constituents in n-octanol-buffer and water
(n=3)

e Papp

i BT &EE MR ER
IEFmE-Z0ipH 1.0 2.63 431 9.83"
IEFm-Zi pH 3.6 2.23 3.71 7.46"
IEFRE-ZZM pH 5.4 1.16 2.58 5.16
IEE -2 pH 6.0 1.897 4.15 5.97
IE¥FE-ZMipH 6.8 2.61 3.90 5.55"
IEFmE-ZpH72  1.93 3.84 6.23"
1ESERE-ZE P pH 8.0 0.707 2.88 3.49
1ESEEE-K 3.46 4.89 9.88"

SRR P BTV IR FE B Py M1 X =(x15 x25 +°»
x,), BEAHIFEY = i1y yr = v0)s HWEI S
Y Z I 0 B 5%0E cosh. cosh LT 1, Fow
2 AN EHAREL, BI 2 AN PP BT VE IR FE L Papp
AL, cos0>0.9 I}, TN AHAME R 4T

(2) &AWL (Grubbs) PU: 7EAL 41 R
SgeH, BRE— pHET, AW n MR
SHITE BN x15 Xx25 ++05 X, THRCPFIE (X
FbrEZE ()s A x5 X o005 x, BX B
BE, BSEMEERT G R Brh SRS sy
] G155 Grubbs K& HMIEFE G, (n) LHEL,
W R T IEFHE, T2 BH b s 73 e 1 ot 5 A &% il
SRR ZE RO R, BEUE R AN TSR
B, DU B R0 R 1 5T -5 A & Bl o3 B BUAELAE
AR HYE I Eh, B & o P o3 A B AR 25 0 43
BN, AL B
2.6.2 AR AE RS VM R AR S T 4%
“2.6.17 TURNJNVEXT T A2 Mty i R -F iy
fiftf% I cosine A1 Grubbs #AT 707, 45 H WK 3. 4.
R 3 Al%n, fEASE pH EA BT iR
SR E 3 NG PETERIER cosine HIIKT
0.9, FM1% 3 Mo Z RV IR A a3 HA A
A, 2 4 X 3 AN E R — pH B B B
B i AT GRS, WAL HKSEE N 0.05, B
BEME (P) 73095, RAEEER PAE (0.95)
MERE (n=3), & Grubbs IR IHF1H -
Goos(3)=1.153, GERKHEAEHA B IR FE, X
] HLF 3 MR FEA ] pH AE S o1 i
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=3 HLF f 3 MRS TEIRRERER cosine 34 (n=3)
Table 3 Cosine analysis on equilibrium solubility for three

representative constituents in HLF (n = 3)

F6 HLFA57H 3 MURMEM ST Papp B Grubbs 1836 (n = 3)
Table 6 Grubbs test of oil/water partition coefficient for

three representative constituents in HLF (n = 3)

cost

P

app —

5% pH 18 X s G;

T K20 S W& BT &4 WER
=00 1.000 — — 1.0 2.63 431 9.83° 559 3.77 1.125
oAb e 0.998 1.000 — 3.6 223 3.71 746" 447 270 1.107
Wit B = 0.988 0.987 1.000 54 1.16 2.58 5160 297 203 1.079
. e e 6.0 189 4.15 597 400 2.04 1.034

& 4 HLF 3 MRMERS FESRER Grubbs 1 .
(n=3) 6.8 261 3.90 5557 4.02 147 1.041
Table 4 Grubbs test of equilibrium solubility for three 72 1.93 3.84 6.23 400 215 1.037
80 0.70° 2.88 349 236 147 1.129

representative constituents in HLF (n = 3)

TR (ugrmL

pH & X s G;
FT &k MEE
1.0 447.95" 357.86 296.72 367.51 76.08 1.057
3.6 738.05 618.82 958.16" 771.68 172.15 1.083
5.4 280.38 264.75 215.57" 253.57 33.82 1.124
6.0 54539 477.71 735.19" 586.10 133.48 1.117
6.8 774.06 58327 940.95 766.09 178.97 1.022
7.2 48648 409.23 579.88" 491.86 85.45 1.030
8.0 52998 455.88 664.93" 550.26 105.99 1.082
K 74551 62898 1050.26" 808.25 217.53 1.112

"% pH A MRE T BB KRR, 15y GAFREEE, K6 1H
“the maximum data deviating from this average under different pH

value, as G; waiting for data, and table 6 is the same

P A R R R B — e AR, 35 B R UkE)
TE—N B R BRI TE B Y

2,63 EAREMERIY P BRI M K 57T
H, AEAE pH AT T M R e 22 Bk
(1) Papp ] cosine {HI KT 0.9, IS 5 I Popp
Z RIS A AHAUE . #1532 6 W%, Grubbs
o 56 5 B AT I FAE 1.153, F B HLF 45
X 3 MR B AEAN A pHAB A 5T H SO HS ) Py
e A — 2R, B RS E— AR AR
BUNRE Y

5 HLFEDF3INRFKMERT Papp B cosine T4 (n=3)
Table 5 Cosine analysis on oil/water partition coefficients

for three representative constituents in HLF (n = 3)

o cost
T SRty i
T 1.000 — —
ERLA 8 0.976 1.000 —
i e 3 0.981 0.978 1.000

K 3.46 4.89 9.88"  6.08 337 1.128

3 e

M THTHERIRRE, HIT oK EE
I RSB FTUE B . B TAE R 25 Kk R UERH T 2
(A 2, AR TR 25 1R 52 M T AR 7 R AR 2 A
BUHI—BERAHERS, M2 T 2R g,
532 AIARBL E R A I, 75 A 24 2453005 11
A b, BER B 25, 453 25 Fe T 4 T
R AR E, NP AR R EIEI A 27
Ml AT HRSE A JE SR A R S A ) S R R B A
HE 24 A A T B FIF BRI A o, e g ST A
RIRA . oo MR RAFLH 770 AR PRI
ARSI R — B T A2 o R R

AR SEGIE S L HLF 455 N 254, e84 4y
FRES IR T W R Skt RE
PERLSY, X HPLC [RIRHIZE 2T MR 4xeehk
3 A HHAT TSR, R T ARG
PR, SR B R DLHPLC YEE T #
K. SRt 3 AN EAE pH A I 22 MR 2
K SV VR R FEAL Py, IR AL cosine A1
Grubbs 2 P70t 45 RgHATARME S04, AE R
H AR FIA AR R IS5, ZARE
SR ITE R A TR AL TR . AR SRR
H cosine 7%/l Grubbs ¥%, LA HLF ARIRIZ4%), ik
B o 3 AMRERYER 7 1HEAT I 4H 3 P I R A A
PEOIHT, RILE AT R B e T HIR S

SE 3k
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