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Solubility and percutaneous penetration of total flavones from Scutellariae Radix
and their monomer composition
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Abstract: Objective To study the solubility and percutaneous penetration characteristics of the total flavones from Scutellariae
Radix (TFSR) and their monomer composition, and to provide the basis for the development of transdermal delivery. Methods
Bottle-shaking method was used to determine the apparent oil/water distribution value, and in vitro diffusion cell method was used to
measure the percutaneous penetration parameters of TFSR and their monomer composition. Results TFSR and their monomer
composition slightly dissolved in water, and the solubility in glyceryl alcohol and 50% ethanol was the best. In the phosphate buffer
solution (pH 2.0—6.8), the solubility of TFSR and their monomer composition increased with the pH value increasing, and the
oil/water distribution value 1gP decreased as the pH value increasing. As the pH values were 7.4 and 8, the solubility of baicalin
decreased gradually, the solubility of flavonoids and other compounds increased gradually, IgP value of baicalin increased gradually,
while the lgP values of other ingredients decreased. The in vitro cumulative permeation rates of the total flavonoids, baicalin,
oroxylin-A-glucoside, wogonoside, baicalein, wogonin, and oroxylin were (191.31 + 13.01) x 107 (2.86 £ 0.06) x 107, (1.29 + 0.13) x
0% (1.33 £ 0.22) x 107, (17.78 + 1.12) x 107, (16.10 + 1.16) x 107* and (6.42 £ 0.71) x 107*, respectively. The percutaneous
penetration rates were (18.14 + 1.21), (0.30 + 0.01), (0.13 + 0.03), (0.13 £ 0.04), (1.92 £ 0.19), (1.90 £ 0.25), and (0.77 + 0.13)
pg-em >h™'. Conclusion TFSR and their monomer composition have certain percutaneous permeability, which could provides the
experimental basis for the preparation of Scutellariae Radix transdermal drug delivery.
Key words: total flavones from Scutellariae Radix; solubility; oil/water distribution value; percutaneous penetration; baicalin;

baicalein
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WA NSRS Scutellaria baicalensis
Georgi [T, PEFIRSE, HATEHEE. 5K
fifdts bR Ih R, IR EAL G R R ik .
AR %, FES LAY, Wk
BAF. WA R. DOEET. MHES R, TIEAEA
TR Z S . S5 Rl S 77 A IR 2
BLFREE A WA, AR BB ANSER N
T S LR ST SR DUESAT. W
WHZE, T2A0E A FFIARIIEZ Ve . ik
Iy BCRERERAR N2 B 3838 T S0 T TRIESE, LA
WA RN (total flavones from Scutellariae Radix,
TFSRO 4Nl ik — 20 R Ak 4 S TL At 24 %
WIS % .

1 NESHR

Agilent1260 B = OAH (415X, Agilent1260
Infinity FJ 283 KA 28 (VWD, 26 [H Agilent 24 7]);
TT—6 (D) & R HERE A OB TR A3 A7 TR
A T]); Cary 50 ZAMAT WL 360 ETH (G L L 20D,
BP211D -+ J55r 22— R AR2140 87532 —K
ORI B BRA D I 2 G2 L
RIS AT IR AT pH 1 (HIGEFE RS ).

BRI CEEHD; RS (S
110328). PUOEEF (b5 111014), #EF (it
110327) WA ZE (S 110729), HPLC &%
JE S BEITE 98% LA I, T PU )14 4k £
BHEARAA; MM TFERE A I (Y
120927). AmiiizR (45 1209100, HPLC 74l &
JFE i BAE 98% LA I, T g R s 2 Bk
HIRAT]; B 2. BERE 8. BR8N,
RLTE 400 (PSND. IEFERE lfRHRb TR
] s FAbEN . AEALE Rt TR A R A
A HEEA @IS R, OB, N, N
B R oy Mrat, KEBEK.

ICR /N, HEVE, A& (25+5) g, WWHES
SBERER B s oL, A FHVF TR 5« sexk
() 20131-0005.

2 AEEER
21 MRBEBFREE

I3 RE BFRELEE PoOs IR T8 12 h [R5
DB WER SR, TEREAF. K
W 26 Y 12,4 10.564 11.48. 11.18. 10.45,
11.19 mg, ‘# 25 mL i, HEEHIEFREEZRZ)
B, HEAT,  BIVASAH RS RS R 6 25

22 HiIX@EAEREE

WA MR Z) 25 mg, KHERRE, BT 50
mL &)t WEEMIECAERZIE, wAA.
23 UV ZENEEESLE

FRPE A3 H 6 BV Tl R S S AT bt th 26 7
P, VRS i SR R B I
231 BEEATARUE LR L] ORGSR R A
XA 2 mL, FEEMRE 2 10 mL, F0lf
B 0.4, 0.5, 0.6, 0.8, 1.2mL, ZHIINFEECERE
ZIRE, VAR FON I, 7E 280 nm PRI 2
WACRE (A A LA L Y V0 0 o AR P82 1 A5 AIA A
(XD, A PR (YD, ZfibruEhg, Friginl
7Rk Y=0.058 1 X+0.019 8, r=0.999 6, Zkik
Y5l 3.968~11.90 ug/mL.
232 RPEPOAR R B SR (5.952
ng/mL), 73 EIEIELLNE 6 Ik, 3%k 4 H. 1
HAFHETY RSD 0 0.86%. WA BR K 4 8 [ 4T
233 EHEMERE  REFE 6 4 ihs S ik
i PR, F4 “2.3.17 WURJrikile, W5
P30 S A TS Y R Ay Bk 87.49%, RSD
N 1.82%, RUIEEZVERL.
234 FREMESEE  WUE- AR, TR IR
B, 9T 0. 24 4. 64 8. 10, 12, 24h % “2.3.17
WURJ705E , ek A EHIFHE . 45 1 351F RSD
0 1.08%, KUK RAEERAIE T 240 A
Rk R AT
235 FEEICERIRLS B E A R B
PIRE G, L6y, kS I — g EiE
PR, F 92317 TR JEIGE, vHEAS SR
YRR Ky 103.6%, RSD H 2.26%.
24 HPLCZENEEZREIPZBKKS
241 itsE {444 Sinocheom ODS-BP A
(250 mmX4.6 mm, 5 um), s FHEE-0.4%70E
R KW, BEIEVEME: 0~18 min, 55%FfE; 18~
21 min, 55%~75%"MEE; 21~35 min, 75% HHE;
35~36 min, 75%~55%FEE; Kl 280 nm,
FEEL 30 °C, AR E 1.0 mL/min, HEAf#E 10 pL.
TEMETE AT R, 20 O i TR v v S Akt
WIRHERE . g5 RBT . T240E A 7 DOR S,
B DO 3 AR 2% 1) OR B I 1) 40 531 4 8.3
12.9. 13.8. 22.9. 26.4. 27.5 min, &WI>ZA7LE
I S A e AT SRR AT
5000, ZrERERLF. (R UL 1.
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1-baicalin  2-oroxylin-A-glucoside 3-wogonoside

4-baicalein 5-wogonin 6-oroxylin
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Fig. 1 HPLC of mixed reference substance (A)

and TFSR solution (B)

2.4.2 AR PRAEIMG N ZH] 3 kG B R
B TIRANE AT DOEETT. AR, OEH
. ORWEE 6 AR AG M 157 1.1, 4. 1.5,
1.5, 1.1 mL, JB&T 25 mL 8, e i e
BRZIE, 75, 1ERRER MR 50
MBS g SR 0.5 14 24 44 S mL 433
SEART 10 mL S, AR RZE. DA
A TR FE BT T /2408 A 1. DO,
T FE . PUHEASEE L RIS 2R A IR AT 10
ul ZrHIERE, FIR “2.3.17 TN (A SR E, B
WETRU R PARKR (YD, BERE TR EE AR ALFR (X0,
PN & FAREC R TR B3O8 Y=34.548 X—
31.788, r=0.999 9, Zhult 14.85~297.0 pg/mL;
T 2405 A 1 Y=36.52 X—14.006, r=0.999 6, £k
PEVEFE 0.93~18.58 ug/mL; PUEATF Y=38.122 X—
21.268, r=0.9999, VG| 3.67~73.47 pg/mL;
WRHK ¥=52.671 X—12.358, r=0.999 9, £y
[l 1.34~26.80 pg/mL; WA FE Y=62.639 X—
3.104 5, r=0.9999, &Pl 1.25~25.03 pg/mL;
AR Y=46.829 X+0.064 6, r=0.999 8, 1t
J5 ] 0.83~19.69 pug/mL.

243 RPEFERES RSB R]— VR A0 B

FAAWST . T2408 AT, PUOSEIF. W%,
DB A3 FIUAE UG 22 W TRIAR ) RSD 43934 0.29%
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K2 R
244 FEEEAR  RERICREEFES 6 frid
W, MR, i “2.4.17 TN (A AT
JE o YRS EA AT TEAE A
T DOEET . AR DUORE R AR
SR B AN 41.29%. 3.48%. 9.0%-. 11.89%.
2.97%- 1.23%, RSD 4394 1.68%- 1.50%- 1.21%-
1.64%-+ 2.52%- 0.99%, FKHHEREG MR
245 FRErERE ARSI, T ERK
BT 00 20 40 64 8. 10, 12, 24 h HEFE,
WAL e« THEAR ST TR AT DUEE
T AR PO S R AR AE 24 h YUY
K] RSD 235114 0.32%10.87%+0.73%-0.62%-0.68%-
0.53%, FWIHMEIRAE 24 h WARETE R IT.
2.4.6  OAEEDSCERRIRES B AR S,
6 11, PRSI E R AT T/R40E A 1T,
POEEFF A F . DA Z AR
PO, THREO IR RICER . g5 RS
T TR AT DO, mER, WS ER
R g W5 21 11 287 I R [RL e 2 43 0l R 101.6%
100.9%. 99.5%. 102.5%. 100.7%. 97.6%, RSD
350 0.82%+1.67%-0.98%- 1.05%- 1.43%- 1.00%.
25 EZLENRHEBANSEARAE PSR
{3k

FREX 8 431 e 0 & S B T 100 mL HETE i
SAIIAK. FHEE. 50%ZEE. PSN. AFEEhK.
40% PSN AP ER/K. A FE, N =FEF 50 mL, M
S A, B TR, 78 (32+£1) CF
100 r/min 4% 24 h, B LIS, E9MRE, 7LD
S, VIEVEIREE . PATHERAE 3 1, ZiRIE 1. 1)
Bl (1) VBRI B FL PR J o3 7 7K Hh R e B )N
TE I 40% PSN AEH /K T g P i MR s
15 50% SR = BE R A0 de e, HLS 2 I
e L BAR 8 S A8 K VR I (R AR R 280 /N T WL
B () BRTZ40E A 114 CTHFF 28.32%), PSN
PRV PSR AR DO DOES R
R — s MBS VE R, W R o0 4 oy
33.59%- 8.08%- 76.19%- 9.73%. 181.64%- 181.76%,
FORF T B E R T3
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F1 TRBRPESAEARE SRS FRIEEEER (=3)
Table 1 Solubility of TFSR and their components in different solvents (n=3)
. AR /(pg-mLfl)
WO
BEE WEE O mER NESH EASR TIEAE A NI S
K 945.1 417.7 154.0 94.6 79.8 37.6 28.3
AEFERIK 2 507.7 1200.2 187.7 248.8 46.3 103.8 17.0
PSN 2851.6 1234.2 151.7 263.4 117.5 105.2 43.8
40% PSN A2 £h7K 3350.1 1297.2 330.7 273.0 130.4 74.4 47.9
N B 3256.5 1307.7 391.9 262.8 120.4 93.5 42.7
FH i 3468.7 1259.0 425.0 250.9 131.7 96.9 48.0
[ 35478 1480.7 408.5 304.1 126.8 111.0 46.6
50% .15 3623.0 1390.3 417.0 277.2 138.0 113.5 50.8
26 BEZLHAMKREPEKNSEARNE pH EBSERR RIS EIN, 15 pH {H 2.5~8.0 I, STH A

ZmiRhis IR ER

R BRI S A i 2 1 R S B T 100 mL (1)
HEFI R, 22BN 50 mL pH 2.5, 5.0 6.8, 7.4,
8.0 [MEIRERZZ PPy (4% (EZ54L) 2010 4F
Fi B s XV D ECHED, BRI, 75 32+ 1)
"CF 100 r/min $4% 24 h, B B3, Hkmlse,
SRS o PATERAE 3 0y, AR AR 2. WA (D)

R 2 7F[F pH HEREE A ES D AR EBKES

KBS B AR ERE A pH (EIG K TRIIE K, BRARRELA) 7]
WARIER AT KRR, MR B R R I K T
FHARSSY . (2) BEFAE pH fH 2.5~5.0 I}, &
fifttk bEAE pH 35 KT K pH {H 5.0~6.8 I JLT-A
A7 pH>6.8 I, E#ijk/N. (3) HHA R e pH
{1 2.5~5.0 I, WEfEIESEIREOR; £E pH {H 5.0~8.0
I, e BRI R, FRIE2E

PRMEERER (n=3)

Table 2 Effects of phosphate buffers with different pH values on solubility of TFSR and their monomer composition (n=3)

BRI/ (ug-mL’l)

PHAE PSSy AT TEAME AT PR GRS NGRS NS
2.5 617.0 260.4 22.7 52.8 46.9 14.2 4.4
5.0 2 864.0 12909 99.2 270.8 246.9 67.1 254
6.8 2932.7 1310.5 117.6 287.4 264.5 81.1 31.2
7.4 2987.4 651.4 139.8 291.6 318.3 103.2 37.1
8.0 30379 17.2 148.2 274.6 357.6 106.8 37.6
27 EZLEREBEASEARMNRFPHMEAK  ETREIKT (3241 CF 100 r/min #&8E 24 h, &

S EERIE
Y ZEMEK . ANIF) pH (BRI Hh 2% phis il 5 1E
RS S THRIRT, (3241) CF 100 r/min $EHE
24 h, FHEFE 24 h, 502 JEAS KA IE SRR
R S AR R (1) 7KV S Tl I Ak % P R VB AN T 1 =
P 2R LT = P R R (1) Tl 2 SR % I AR
SRR 6 4y BAS BRI B, CE UK. AN
pH B R £h 52 i TR 1Y) 1 S B, BC T 2 24
VI IEERERS W, 70 iR 25 B HOZ B 5 mL T+ 15
mL EOE T, PSS R S mL 1E SRR 7K %
WA pH BEIRZZ MV, RN, WWiERG,

> (4000 r/min, 10 min), B ZKAH, Hik e
HIAE KR R 1 B o PR S 0.5 mL 7524
VI IE RS, AT, IR E 4 10 mL,
I SO P FLIE R, AR e, v K 3 B
[igP, P=(C—Cy) / Co» C NZHWILEIEEREA )
SRR FTERIRE, Co AU 25 A /KA v () otk
BETe SPATERME 3k, 45 WA 3. mla: (1) Brik
KAFAN, Y pH M 2.5~7.4 I, BEHE pH AN,
VT B S AR S 1) 1gP BTN . (2) B
HFLE pH 1l 2.5~5.0 I}, 1gP B pH (84 K/,
pH E KT 5.0 If, H 1gP (HZEWIH K. (3) 31

4—!47!
/\7
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KM LKA 1gP {HHEIR 0, HFICKESY 1gP
HEIRT 2.

28 EZREMREBEBMRINEEZEMLEE
Wx

2.8.1 EAEREMIER I 7 HrE S R NG
o, ETHERM, F AN [F E A =
H50% 0 — JCHIRARSE, BeHl s, &

THERT, 7 (324+1) ‘CF 100 r/min #=#% 24 h,
RS, MENE, tHEE . RN 4.
M 4 19, B N SRR SR, SR
T B PR A3 (R A AR R T 1 K, (B R AN K
MR AT 70%, HE AR R OR, ok
PN = E-50% 0 (70 2 30) oA RGAE hiE
BRI s S 7

*3 BEXLEREREAKSERRNTRFEHKIERE (n=3)
Table 3 Oil/water distribution law of TFSR and their monomer composition in different media (n=3)
bt e
3 Eieoat TREH&REAH PO AR POHE R NS
K 0 0.11 0.30 -0.23 2.38 2.76 3.15
pH2.5 0.42 0.46 0.91 1.17 2.34 243 3.02
pH 5.0 —0.09 —0.08 —0.08 -0.14 2.11 2.20 2.98
pH 6.8 —0.16 —0.06 —0.06 -0.14 0.61 2.21 2.68
pH 7.4 —0.16 —0.02 —-0.07 -0.15 0.23 2.15 2.52
pH 8.0 -1.51 0.04 —-0.10 —-0.14 0.10 2.05 2.46
x4 TEILGIE=EF 50% 2B R HERRKK D BRIEERLER (n=3)
Table 4 Effects of glyceryl alcohol and 50% ethanol with different ratios on solubility of TFSR
and their monomer composition (n=3)
W =WE-50% L1 RS | (ugml )
o B i PR TZE4E AT DU AR DB R NS

20 : 80 31575 14143 107.2 286.5 366.9 113.7 40.4

30170 3275.6 1425.7 108.2 288.2 372.8 115.1 40.5

40 : 60 34259 1442.9 114.5 298.0 387.6 121.5 42.6

50 150 34355 1441.3 113.0 301.5 380.9 118.4 42.4

60 : 40 3570.6 1519.1 116.5 309.1 401.0 125.0 45.1

70 130 4653.2 1 866.6 142.1 377.1 507.2 156.7 56.5

80 : 20 35749 14419 108.3 298.6 407.6 125.4 453

282 MLkl ARG EEANG R, Rlig R, 250 50 mL 3 ZEES 20%. 30%- 40%-

SEFA 70% 30% NN = FEF 50% LBE, #HiF
A (10 mg/mL).
2.8.3 BMORINIHIED AR R R S S e Ak
JSC 53 (RS AR P 07 34 3 A TR RS 4 AR Il
(11355 S 7 B SZ AT AN IR pHL BRI #h 22 1K
AEFRERIK . 40% PSN AR HE R 7K S AN R BE £ A 2
HhKEE . AF pH (ERBEIR SR AR R K A
K 40% PSN AP EE/KAE “2.57 LAl “2.6” Ti#
g, LTS v W S LB o AE AN TR AR R 23 4
WA PR K R IR R R AT 52

FREX 5 43 3di s o 25 5 B B T 100 mL 1IHETE

50%- 60% A FEER K, FCHIL A, BT
R, £E (32£1) “CF 100 r/min $E4% 24 h, H L
THB, HENE, THEERRE . g5 RIEK S, RS
AT, ANTRMAER 3 550 £ A B R 7RO 3 25 J S i A
JLPAAR BT HR A R AF I v, (AL 30% LAk 3
R S

e “2.57 WP A= B Eh /K. 40% PSN A= H 5K
A “2.6” TR pH R I A5 28 Pl e AN [R) AR AR
O3B LA PR ER KON B85 5 v I S L AR 1 0 A
PERIH LR, £3H 30% LW AR HE AR K I P f 4
I HE 30% LI A5 3 AR 7K A S i o Bl e Lo ik
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x5 BEELEMREZBEMSERERRRS B LRI KR AR E RS

Table 5 Effects of ethanol saline with different volume fraction on solubility of TFSR and their monomer composition

RE / (pg-mLfl)

LIRS HL | %

B WA TREARAT  IGHHH BHER ISR S ILSS
20 35121 14115 104.2 284.0 410.2 125.8 46.8
30 36360 14650 110.9 299.7 422.6 130.9 47.2
40 34410  1468.0 108.5 299.9 406.0 125.5 455
50 33623 13988 100.0 279.4 402.1 127.5 45.7
60 33984 13758 97.5 276.5 407.7 1242 44.2

J O3 ARANEE R 1B aZ B RSO -

2.8.4 BERRIRIHIE B ICR Bl RURREE, BY X
NERBIEE, Wrsnkbst)s, B9 NI, 2Bk
FOR N R A R fa vk, BT AR K,
UK 4 CORAEEH, 1 NS,

2.8.5 ARHME RS KN RSz IR ] e AR O R 1)
Franz ¥ HObE B FW=EZW, MEEH L, {4t
IR S, Bl (B S=2.1 em®, &
FUA 13.5 mL) FRIIAN 30% B AR BE 3R K AE Ry #lk
W, BARBOR S R B 2 NI e, Felcith )
R PR, RO E TR B L Bk
AN 300 t/min, KEELEN (324+1) C. 43l
F0.5. 1. 2. 3. 4. 6. 8. 12. 24 h it
5 mL, [FIRHRh 7RSS B, DA I 4
I PRS2 58 , V25 B AUE I R (O,
W SCHk T, 3 s s, BOR Bk,
FRCBORS B R 2 T 9% B R b 4o ide s B8R, H S

mL R AR 2 Yk, AEIK 30 min, B RIS
B 10mL i, w7, W, WE 20 R kA
W& (Q) MM RERIELE (Q). “PATHAE 3 0,
S5 LK 6. LLZ5) 24 h I BRE S (o4, pg/em®)
STEURERSIA) ¢ fE gk, T dh ek o i B 4 AT
ZRPEIRDE, SR B Ze Rt RN RRASE e [,
ug/(ecm™h)], EL5 x HHIAZ NI (fagr Do

n—1

Qn:(Vpn+ z lel)/A

i1
A N HOAR, VBSOS AR, p, A n IRIREIR
WO P A R, p A | RIREIN BRI b 2
MIBCRIR I,V AW BREAAAR

Os=VplA

O0=(0wA)/ M
V b B IR AR BRUE AR, p oy B IR SRR T 25 ) 1) iR
M LG & 2

122 6 TTAT: (1) B g Sb, AR & 505

#6 BELBEMRHEBERMIIIMZEBESH (x+s,n=3)
Table 6 In vitro percutaneous penetration parameters of TFSR and their monomer composition (; +s,n=3)

Dy O-1 Jife ro Ou/(ugem?®)  Q/10%  J/(ugem*h) g, /h O/ (ugrem)
B 0=18317¢+31.962 09009 182.20+12.39 191.31+13.01 18.14+121 1.7540.09 58.44+3.63
BT 0=03048¢—0.1438 09946 2734006  2.86+0.06 030+0.01  0.46+030 2.66+0.28
TIRRAZ AT 0=012791—0.0722 09683 1234012  1.29+0.13 0.13+0.03  0.74+0.59  0.77+0.04
WY 0=0.1270£—0.0926 09741 126+021  1.33+0.22 0.13+0.04  0.67+034  0.78+0.25
WK 0=191991—4.1653 09411 1693+1.07 17.78+1.12 1924019 2.19+032 11.34+1.11
WHE 0=189771—3.7056 09716 1533+1.11  16.10+1.16 1904025 1.95+0.14 5.62+0.79
Ay 2% 0=0.76841—1.5065 09591 6.12+0.68  6.4240.71 0.77+0.13  1.94+0.15 2.26+0.39

FRIITE T % ARy, IBEYE. Jo O Ml Ose Tk, TFICEAM TS K, o AR A 2

(2) HRMMBEEA LA IRy, AR E
BENE RN A 5 3 > DU 3 > R 3 > 3
BH>VEEET>TIRRE AT (3) 05 Ui On
IR (4) RS L2 B AR AT — 5 ¥ I

K, S R A T o S 2

3 it
PSR %, H AT 4 B I

SE MBI AT 60 AT, RS2 DL S
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KL B Sy GERT . TR A . DOK
BAF. AR, DURE R RIEZD Ixts, ©f
FOT B R S RSN IE M, I LT
31 BEFLRAEFRERRESH

B SV AT 8 BUA I T AR,
AN T E K I E TG U ] REAN R . AR S0 BT F 3
LAk A, S 50% ORERREL, e
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