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Studies on Physicochemical Proprieties of Breviscapine
ZHONG Hai-jun', DENG Ying-jie’, XU Chun-lian', XIE Bao-gang'(1.Dept. of Pharmacy, Nanchang Universi-
ty,Nanchang 330006, China;2.Shenyang Pharmaceutical University, Shenyang 110016, China)

ABSTRACT OBIJECTIVE: To provide experimental evidence for the secondary development of breviscapine. METHODS: The
solubility of breviscapine in various solvent and aqueous media at various pH were determined by HPLC. The ionization constant
(pKa) were determined by solubility method. The oil/water partition coefficient was determined by shaking bottle method. The sta-
bility of breviscapine solution at 25 and 37 °C and the effects of EDTA-2Na and NaHSO; on it were investigated. RESULTS: Scu-
tellarin belonged to weak acid constitutent, and its pKa was 3.29; its solubility was markedly affected by the pH of the environ-
ment; oil/water partition coefficient of it was 0.27; the solubility of scutellarin was in low level in various organic solvents. At
25 °C, scutellarin was stable relatively in solution with pH 2-5 at 25 °C; at 37 °C,scutellarin was stable relatively in solution with
pH 3-5, and the degradation mechanism of scutellarin can be explained by specific acid/base catalysis. The addition of EDTA-2Na
or/and NaHSO; could improve the stability of scutellarin in water significantly. CONCLUSION: This study provides instructive in-
formation for secondary development of breviscapine and confirms the method for improving the stability of breviscapine in aque-
ous solution.

KEY WORDS Breviscapine; lonization constant; Oil/water partition coefficient; Solubility

YT A6 2 J& M KT 2548 (Erigeron breviscapus (Vant.) Han-
d.-Mazz.) HHEEUSF B A5 B0 S A S Moy, LT3R 2
FNE, AR E, HAENGKR L) 2 AR 7 I
e RECIp S50 ik A s AR, E X AT SRR R A
TR B2 — A5, A 2001 45 24 | B Z AR BUR A
T T 170 ZI 5T RAEE ML LA, HpiF 200 51023508
HINFIRAQHA LY, EHE WXL SE 25l g ik 2505
FEARIERT T WF5EY . AEXF 2GR 1R RS T RN A B T,
T HAE et LB AR AT AT R AR AR
WAL T FELI BRI B . RE, 72 EAT T 2548 28 o408
FUTIWF SR , 285 W] SAE R WAL PR SR T 5T, e 1
PR AT SRAE R ALK PR E PR i
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1.2 Z@m5iEH

I ZAE R (a B BE T 2 A RA R, 44 :95.5% ) 1T
a5 OO R, O B B 24 S R IR B L L5 : 842200102) 5
R I R i al, AR b 4l
2 AEEER
2.1 KERZSENE
211 L& ME (A% 4 . Kromasil ODS A1 (200 mm x 4.6
mm, 5 um) ; i S < B BE- AR R 22 P (20 mmol/L, pH 2.5)-
Z 5 (20:63: 17, V/VIV) 5333 : 0.8 ml/min; #:I% : 335 nm;
YRR 20 .
2.1.2 FRAfEMZEE R PRIUT 35 O BT IR IE L
PP 0 s B 45 JO i e B 43 1) SR 0,50, 1,00, 2,50, 10.00, 25.00
50.00 png/ml KT 2% £ 2 X B, 4% b3 35 A5 R R
TE o VAT AR RUME (4) W ARAR , B (o) WAL b, EA T
L[|l )5, A5 AP R A=1.344%10°c—1 124(r=0.999 9) ,
SERLH] AT R R B W T 0.50~50.00 pg/ml 35 [ 4 S51%
TFRUME 2 R R
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22 MEREEARBAFHNABENE
3N 100 ml FHEE | 2B T 1R £ B V5 . LTk,
F 250 ml 22 = M, ST R =IEE A, %
FE ARG BT 25 CHRKIE T #E B VR s, &
o B2 hEURES ml, #2173 F B, 2SR LT
SR TR AR 1E . AR TR ZR 0.45 pm AL IE
JEEE T, BRI, £ o X AT SR 2 M B L LB IE
R s AR BE SR  $E 2T IR s 6T
AR LR TR VA S BEEEIE, 43 B 2 ml, NI
5, FHIE B A0 Sh AV A, Fi 2.1 00 R ikl g o S50 4T
SIERFEHEE LB N LR T8 VAT Sk B R
J39 M 5.634.3.550,1.099,1.82x1072,1.27x10 7, 2.80x 10" * mg/
ml, KT S8 AR ML b s i 1 Y AR, A AE R
Pt TR O T LI A VS AR DN , A BRI Y
e
2.3 ATEHZEAEpHERKARDARENE
Z: R SCHR 7™, e il AS 7] pH {EL ) Britton-Robinson 2% it
o A BIEL0.1 mol/L HCIAN iR AN W] pH {E (1) 28 ¢ 250 ml,
BTFHE BT BT, 23 A S A B RZ R, T
25 °C 100 r/min$if 45 1 hRE 5 ml, 2b 8, #2175 F )y i
WE , B2 AV KT S AE 2 i i AR L, TR R
T3 0 A B pHAEL, 75 H KT 246 AN [R] pHAB A /KA
PR o Z5SR AE pHER A ZKIE TR KT SRAE R IV A
FER /N HAE pH ol 1 IR vh s 7 3 ROA 2.20 pg/ml, BlAT
pHE3E K, TR M0 B N . 25 °C N AT SAE R e AR pH
TR AR T P s A LI 1
1000000
100000
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0 2 4 6 8
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1 256 CTAEREZEAEpHERN KR RPHBEREE
(n=3)
Fig 1 The solubility of breviscapine in aqueous solution at
25 C(n=3)
24 JNBEZEBEEY (pKa) BINE
FE°2.37 TN ARSI 2 S Bl 1, 22 SOk i, ok
FHVE B 8 ST AL R 1 pKa: pKa=pH—1g(S/S;—1) . X
L S A 25 T AT VAR L SRS [ pHARL R WY
VAR o TR LU LA BR : (1) [ 0 e B2 B €
ARSCLAAT S AE R AE 0.1 mol/L HCL Hp (¥ it J3 1 Ay FLIEIAT 15 A
JE S0 (2) pKa WAL E o 1 TR B Ay JC A AT 32 R
pKa BAREUE , 25 AR “2.37 50N Fr A5 19 AN 7] pH (B AR 7K 7%
WP S L RV R T pKa T UE, pHAE M 2.2.3.35,
4.21 f15.12 i, T4 i A5 pKa 5 WE S 51 3.44,3.30,3.32 il
3.29.(3)pKa WUERINE . ALHE pKa AR, VEFE 5 Fh G2 infk
pHAH 4354 pKa pKa + 0.2 .pKa + 0.5, W5 25 Yy i E , P
PR RE T3 5310 5 -1 4% 25 0 AL RN W) pHL{EL, SRAHAT = 48

FEZHE 2013FE4EETEH

VY pKa }3.29, 25 CF AT 3546 R A8 A TA] pH {H 1 K %
WP AR EE LA N pKa (IR 1
R1 26 CTATRLREARE pHER KA &K S E L
X pKa(n=3)
Tab 1 The solubility and pKa of breviscapine in aqueous so-
lution at 25 °C (n=3)

H{f

e p

W 267 1% 3 364 )
IR (g/m) 2.68 324 441 7203 24.76

pKa 333 3.26 321 328 331

25 KTEHEMIKDEEHHNE

/KA R BUR F IE 2 BK A Be R B R o AR R
FHEEIEE e T A AR I EEOK R G, I E PR i
2 T PR 2 e S A T A TR AR K AR B4 2 e JE A
LRI o 7R AR B 2 e B SR A5

FH 0.1 mol/L () HC1 50 ml, fill 50 ml 1E 3=, #7835 J L4344 5
TE R S RCE A R, A BIBUE K R IR EREE . TS
A8 7K )2 B i B v B 24 1 ~2 pg/ml AOAT 3546 A 25 ml, 1o
UE AL KA RN ) 1E 2 B2 2 25 ml, iR BEdR % L4, T
25 CHEIR/KEHCE 24 h, 6 25072 A 43l , 43 ok
JZ o AR 2. TR R TE A BEJE N FT AR DK -1y
Ja kT SAEZ AU TR K LR B 455, 2L 0.1 mol/L
HC1 A /KA, ST 3548 2 003K 43 B 2 80k 0.27, i FAE 0.1
mol/L HCUFIR T, T AL R AU FIERATAE % B R BN
AT LA T S48 R W B S/ /K Bl R 5
2.6 KEHZKBENBREEFR
2.6.1 R (DpH 7.0 JREHE N 1 mg/ml LT8R
I R PR 3548 R 100 mg, 7K 24 20 ml, Ff NaOH 7K
7 WCUE pH B R 7.0, ZE 48 /K 28 %% 100 ml) ; (2) A [ pH Y
Britton-Robinson & ' #%& , /£ & 4/~ &t 1; (3) pH 6.8 K
Britton-Robinson 2% "% ( & 0.1% EDTA-2Na) , /£ N/ i 2;
(4)pH 6.8 [¥) Britton-Robinson 2% Mk (1% 5% NaHSO,) ,/F 47
J5i 3; (5)pH 6.8 [ Britton-Robinson 2% i (1% 0.1 % EDTA-2Na
F15% NaHSO,) ,fE N 4.
2.6.2 XI55 BL0.1 mol/L HC1 il pH 2.09.3.29 .4.10 Ay
Britton-Robinson £& 1 & 100 ml, il pH 7.0 %J 25 48 2 /KI5 K
(1 mg/ml)0.1 ml; B pH5.02.6.80.7.24 .7.54 . 7.96 .8.36 [{ Brit-
ton- Robinson & i 100 ml, Jil pH 7.0 k] 3546 2 K (1 mg/
ml) 1 ml, A7 2 00, 53N e 45V W 0 pH A, T 51 B T 25,
37 COKBH, TIHUE G 0.2.4.8.12.24.36.48.60.72 .84 h HL
;B pH 6.80 1% Britton-Robinson Z& 1 , ¥ 0.1% EDTA-2Na.
5% NaHSO..0.1% EDTA-2Na + 5% NaHSO; /) pH 6.8 [#] Brit-
ton-Robinson 2% M , I pH 7.0 4T 3546 F /K (1 mg/ml) 1
ml, FEHTN A S  pH AR, T340 0 & F 60 “COKTE, FIlUE:
J50.1.3.5.8.12.24.36.48 .60 hHUFE, #2175 K5 Bl
ST BACR R R R E R — S ] =P S 5T
YU SEAE RIS 8 12 DAR SR LT 3648 2 40 R i 5t
B (y=Ln co/e) RTIMFPEF ] (o) PEATL M MNH A5 AR RIREE A
[ pHAE AR 0T T R8T 3546 2 B8 A 28 3R [l )3 )y 5 AR oA i
REH(K) , FF LU g5 pHAAMER] . 8558, ST 336 KIS 0 8h
TR A P — B J12E T, KT AR AR RIS T Rk
fifT ) R KA LR 25 KT 3546 ZOK TR 1gK-pH UL 2,
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R2 NERREARZFHTHEMBERFEMKE
Tab 2 Degradation kinetics equations and rate constants of
breviscapine at different condition(n=3)

WEC AR M Wik Kh' gk
2 Ko LI p=0017 5+0.036 3(r=0.992) 17510 -176
Ko 212 p=000021x—0.018 9(r=0.2429) 210x10% =368
K324 y=0.000 14x+0.007 2(r=0.020 5) L40x10™ 385
Ko 424 p=0.000 12v+0.044(r=0.0345) 12x10% -39
Ko 512 y=0.000 16x+0.000 8(-=02429) 163x107* 380
Ko 672 y=00059+0.0175(r=0.993 4) 58x10° -3
Ko 704 p=0.154-0.036 6(r=0.9929) 154x107 -181
Ko 736 y=0.029 3r—0.045 6(r=0.996 3) 293x10° -1.53
Ko 774 p=00428=00102(-=09913) 428x10° -137
Ko 802 y=0.058 9—0.051 5(r=0.998 3) 58x10°  -123
37 k 120 y=0.0717x+0.012 3(r=0.9949) 7107 -114
K220 y=0.007 3x+0.058 8(r=0.9417) 726107 <214
Ko 302 y=0000 150+0.031(r=0.19 4) L34x10% =382
K406 y=0.000 15x+0.009 6(-=0.2654) 153x10% 5382
K516 y=0000 19+0.042(r=0342 1) 187x10" =37
Ko 674 y=0.0206r—0.009 7(r=0.993 1) 206x10° -1.69
Ko 7132 y=0496:—00124(r=09945) 496x10°  -130
K746 y=0.069 5y—0.0512(r=0.991 1) 695x10° 116
Ko 812 p=0.124r-0.046 7(r=09913) 124x10" =091
Ko 840 y=0.19 260068 6(r=09942) 192x10" 07
60 ML 680 y=0.1246x—0316 1(-=0.9915) 1246%10°" -0.90
ME2 680 y=0.029 8—0.063 7(r=0.9459) 730x10° 153
M3 680 y=00125:+0.0158(r=09917) 125%10°  -190
A4 680 p=0003 1r—0.069 6(r=0.901 1) 310x10° <231
0 y=—19208x+0.3944 r=09999 0f y=—1388—82201 r=09732
—1} y=0913 Tx—8.406 3 r=0.993 —1F 30921 =820 1 r=0.732

pH pH

B2 KT=RIEHEKBEHIgK-pH E
A.25 C;B.37 C

Fig 2 1gK-pH plot of breviscapine aqueous solution
A.25%C;B. 37 C

3 itig

I TATSRAER H & 90% LA BRI R T LUEF LT
FL RN NI SAER YRR AT, Bl E B0 G35 R KT 26 4

KISRIER D TEH A — DRIE 2 B RIS IEAT
JE T AL, HAR i AT S MR U X — S5 5R AT
TR ST SRAER OB R BB . Hedn, FH AR A w4
KISRAE RN BRI, T ARGy h i g AR, A FS 25
W — VA T S B, T A I A K AT T 3%
AEZR K AL 15 pH BRI A ) v o FH I A il
BT RRAE RN BRI T SAERAE S AR A o, i
FORERIENR A S WO AT SAE R KR

MARBE LR TR ATRAER R — 8K 50 T4t
H/b—4-4" -OH E’JﬁﬁﬁﬁﬁpKa(S 047)AH L™, A 156 I P 7
HIAT 28 4L R pKa (3.29) B/ X Al fE & O AT s AE R 70 T 1)
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4" -OH R MR I p R o KT SAE R A7 i T RETE

JAr T TRl U DR AR K T g 25 . 7E 0.1 mol/L ) HCL

o (RS AT LUCH AT 356 3 B L4y F IR U2 AE ), LU A 4

A 2.20 pg/ml. FfiE VW pH (B A 3G, AT 3508 338 7 25 i

REL, TR PR LT DL, BEE VAR pH (EI K, TR AE R

PR R AR, 76 pHL 6.8 B OV A3 7.49 mg/ml,

TERRESAT T AT BAER 5 K . KRG A JCAE % %
Gy A FEBE S5 N TSR AE RO, iRl kT s R
FEAK R AR E 1 52 pHE A SZ K, (B B R IE , 1 R WL
FEATR] pHAEL KA W KT 3870 28 B M RN I g 2 ) 2 1) L A4
B L, B XTI SRIEZETE 25 .37 C AR pHAE SR T
FIFE AT T BN TR AT o BIEEDS SE eI 58 FIfl
§T A8 R TESRIAL I i), & B EDTA-2Na F1 Na.SO, BE#2 #i kT
AR RENE {0 EDTA-2Na Fll Na.SO, Xt ] 3546 2 Fa e v Al
R 2h 71 2 0 B E i E 42 /0, Bt LA ZE 3 6 B AT T F
o

MA IR 25 AT & 78 25 CHF, JT S48 ZAE pHAE } 2~5
FYZZ R P R L IS 84 h R R IESEASA B AR fb  KAR/N, 42
%, pHIE KT 50, AT pHAEIS K AT IE R BB AR
FE LKA R . AE 3T CHE KT 346 A pHAE R 2 94 5T P N Fa
€, A pHIE R 3~5 BN P E .

AT 45 AT %01, EDTA-2Na Fl NaHS O, A7 B Wi 48 s 4T =%
WRREENER, HWE & AR L. X SAE 50
FVHL P PRAMTEA SR 4L T 5 A M B R S AR ET AT 3548
ZOHrHI RSN TE T S BRUEAT SRAE R , R AR B
AP I A EDTA-2Na fl NaHSOs. A6t 7] kT 2546
FH IR P 24 sl 2 DA R ST L 24 5 1 A3 A 52y T A
%,
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