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Abstract: Objective To investigate the compositional distribution, in vitro release, and pharmacokinetic behavior of different phases
in the Huangqin (Scutellariae Radix, SR)-Zhigancao (Glycyrrhizae Radix et Rhizoma Praeparata cum Melle, GRRPM) decoction, and
to elucidate the physical structural basis for the delayed and enhanced efficacy mediated by herb compatibility. Methods The

decoction was separated into nanoparticulate, true solution, and precipitate phases by centrifugation combined with dialysis. The
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particle size and morphology of these phases were characterized. The contents of major active components baicalin, wogonoside,
liquiritin apioside, glycyrrhizic acid, and others were determined by HPLC, and their in vitro release profiles were evaluated. The
plasma concentration of baicalin in rats after oral administration of different phases was measured using LC-MS/MS, and
pharmacokinetic parameters were calculated. Results Significant differences in particle size and morphology were observed among
the phases. The mass fractions of liquiritin apioside, baicalin, wogonoside, and glycyrrhizic acid in each phase decreased in the order:
nanoparticulate phase > true solution phase > precipitate phase. All four components showed the highest release from the
nanoparticulate phase, followed by the true solution phase, and the lowest release from the precipitate phase. After oral administration
of the whole extract and the different phases, the Cmax and AUCo- of baicalin ranked as follows: nanoparticulate phase > whole extract >
true solution phase > precipitate phase. Conclusion The formation of a complex multiphase system in the SR-GRRPM decoction
significantly affects the spatial distribution, in vitro release, and pharmacokinetic behavior of the active constituents. This may represent
the physical structural basis underlying the delayed and enhanced efficacy resulting from the combination of the two herbs.

Key words: compatibility; Scutellariae Radix; Glycyrrhizae Radix et Rhizoma Praeparata cum Melle; phase difference; component

distribution; in vitro release; pharmacokinetics
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Table 1 Analysis results of the extract, precipitated phase
and nano-phase particle size of the combined decoction of

Scutellariae Radix (SR) and Glycyrrhizae Radix et Rhizoma
Praeparata cum Melle (GRRPM) (Xt s, n=3)

2H 5] do.1/um
wE 3374049 11.17+1.91 32.49+7.59 2.60+0.54
VUEMAS 3.1240.10 11.304+0.60 28.49+5.48 2.23+0.37
PIKAZS 0.0840.02 0.66+0.74 2.62+3.34 3.10+1.11
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RE-RHERE (A KBS B).

1
Fig. 1 SEM images of SR-GRRPM extract (A), nano-phase state (B), precipitated phase state (C), and true solution phase
state (D)
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1-liquiritin apioside; 2-baicalin; 3-wogonoside; 4-glycyrrhizic acid.
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Fig. 2 Specific HPLC diagrams of mixed reference substances (A), SR- GRRPM extract sample (B) and solvent methanol (C)
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Table 2 Determination results of contents of SR-GRRPM

extract and its main components in different phases (X £ s,

n=3)
FRHEE ST JUSE  Hum

BH 7.71£0.22 58.18+1.79 12.21+0.39 3.84+0.28
PUKAA 6.3940.23 39.61£2.43 9.2140.27 3.04+0.20
JUEAA 02940.04 2.3840.17 0.5140.03 0.20+0.01
FUEWHA 0.58+£0.05 5224046 0.96%0.10 0.26+0.09
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M (ABS, pH4.5). BEER SRSV (PBS, pH 6.8)
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1P O, 2-BE 55, 3-EE S 4-H 5 a-HClpH 1.2; b-ABS pH4.5; c-7/K; d-PBS pH 6.8.
1-liquiritin apioside; 2-baicalin; 3-wogonoside; 4-glycyrrhizic acid; a-HC1 pH 1.2; b-ABS pH 4.5; C-water; d-PBS pH 6.8.
B3 FAEESHEETERSTERENTRPEEINERBIZ (X£s,n=3)

Fig. 3 In vitro release curves of main components in different phases in different media (X s, n =3)
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F IR KV - FR I, BEREWEL: 0~1.10 min, 5%
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40 C; HEFEE S uL.
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AR 17237 kPa (25 psiD.
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0.9993, 25RFRHTEHE MK EIKRE N 243~
1 944 ng/mL £G4 5¢ R R UF .
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A —
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MS/MS EiZ
Fig.4 LC-MS/MS chromatograms of blank plasma (A),
blank plasma containing baicalein and genistein (B), blank

plasma containing baicalein (C), and plasma samples (D)
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2.39%, H[AI¥E 2 FE ) RSD K 2.85%12.12%12.25%,
BIINT 15%, T AEVIREARS 2 BER A AT oK

(6) FEMPILEELL. HUK. . ® 34 E
W R EEHRES (n=6) FEREDHT, THE S
HAIGRIAR K I THAR 2 B (A1) SR )5 43 3 e il AH
[F) o A 5 1) S 5 0 R S VR VRO R T, TH B
B 5 YURR R ST Z LG (42D, TIFRH a2
AT RIER = A1/42. 25 R B RZ T
PR RS R AE 86.22%~99.80%, RSD<<15%, f5&
AR b I K

(7) FEMHEgEHEL: %H “2.63 (5)” K
TESHHIAR. By 3 ANBUERE  ML2AE
(n=6), KT HMKET 20 CHFAF 12 h.
—80 C%M TR B3 K o RlH &k, F.
3 MM EIRFEM MRS T HEE 8 hy 4 C
AUICE 8 h JE L EIMIE (n=6); RIS F 5L
BIARZRIEHAZ b, 115 RSD1H, 5K 3.

=3 MEHSNREMLER
Table 3 Stability results of plasma samples

JR R FaE ERSD/%

(mgmL™") —20 CHH HEh WiREM 4 CHY
s 2.93 2.36 2.78 2.61
H 3.59 3.03 1.41 0.58
[} 2.45 2.07 0.44 2.75

2,64 i BRI RO ETIH “2.6.37 T
TNEEAL I MRE ST T VR AR, 2 2k
FE-IsF E] Hh 2%, SR DAS 2.0 Bk A SR 3 rh 3 55
T2 ESHOEAT 8, SR SPSS 25 #fidt4T
BT, W SR R T 20, P<
0.05 NZESFHAG = L.

SERLE S A 4, Hd, Crax NIKIMNZGIK
B, tmax JYISWENTA], AUCo-rn AUCo-o%3 5l 0~
£~ O~oof] ] A IfiL 24 94< FEE - 8] il 2% T AR, CLz/F
FKWIERE, i WRBCEES], MRTo-~ MRTo—w
N O~t. 0~ I BRI 4 HATLLE H,
BB K SAEFEZ T Comax F1 AUCo-, T A
YRR > AR > BIRWOHA > PTE A,
KA LI Conax M1 AUCo—, 535 0 T UM,
M E IR RAH S FIYTE A T Comax F1 AUCo-, BER T
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~ 3 v ESTE s
2 A ‘g moz/rﬁiS
: o LB : - RS
R S
g1 =
0
0 4 8 12 16 20 24
t/h
A9 0~24h -t #iZk; B A 0~2h Z4-I 2.
A is 0—24 h concentration-time curves; B is 0—2 h concentration-time curves.
5 BF-REHERE. KRES. TUERS. ERRIESHZA-ITEZ (X£s,n=6)
Fig.5 Drug plasma concentration versus time profile of SR-GRRPM extract, nano-phase, precipitation phase and true
solution phase (XS, n=6)
x4 FHEAR ig GARNEEANFESH (X£s,n=6)
Table 4 Main pharmacokinetic parameters of rats in each group after oral administration (Xt S, n = 6)
ZH LA - HERE YK VUEMHZS FIR U
Cnax pg Lt 1777.3921+282.455 2 646.7371645.555™ 1345.4161+226.514% 1 533.8841+245.014%
fmax h 10.667£2.066 10.667 £2.066 8.375+4.716 8.6671+3.724
AUCo-— pghL'  27352.569+4306.520 39137.476110912.543" 19 082.000%5 356.807% 22 845.862 14 457.344#
AUCo- pgh L' 45323.310%28830.980 76211.770439578.549 26 170.324 %5 540.534% 43 913.7131+23 085.203
CLz/F L-h kg™ 5.560+2.447 3.382+1.896 7.913+1.551% 5.601+2.499
tin h 12.546+8.967 11.266+4.509 12.813+4.681 11.923+5.040
MRTo-: h 10.559+0.924 11.034+0.646 10.687+0.390 10.610+0.459
MRTo- h 16.436+5.463 13.993+6.203 19.978+6.774 13.758 +5.534
HEX-RIRREILE: "P<0.05 "P<0.01; SHKAAELE: P<0.05 *P<0.01.
*P<0.05 *"P<0.01 vs SR-GRRPM extract; “P < 0.05 *P<0.01 vs nano-phase state.
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BRI VRAL o
3 g
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b, JE8:eZE lEHEAT 5 2 B I AT RE

AR AR I, R T RE R, K
BRI WK s E, R T IRAE AR
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R AR R A JE RS SR /AR 4%
R A RNAE), P AR BRI R, S
SRR B DIAE R AN % S SN o o I RSl e = SN
B R, GRS ERRIIER, W
AR BT AR TR 25 B A
PIATRENA, R REAE 245 7 IO SRR 2 ) R
BRI

&R &R RER, SHETHE
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W, DLARARZS 5% o R Hoe s X AT fE
7&K 4 Fh R BIONHMERYER Y, A RO RN
KA RAT MG ARG B ], B 2
SR R0 I S NI LS, PRI 25 J 70 i
DRI, RAEEREE BB GRAR S
KR T ARG IR B S LR . RSN, IR
JI 7> B AU 2 A A AR S R B
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