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ABSTRACT: AIM To optimize the forming process for Zhibo Qingliang Granules, and to establish their quality
standard. METHODS With drug-excipient ratio, ethanol concentration and ethanol consumption as influencing
factors, granule yield as an evaluation index, the forming process was optimized by Box-Behnken response surface
method, after which pilot test was performed. TLC was adopted in the qualitative identification of Anemarrhenae
Rhizoma , Astragali Radix and Hedyotis diffusa Willd., HPLC was employed to determine the contents of
phellodendrine hydrochloride, berberine hydrochloride and isoferulic acid. RESULTS The optimal conditions
were determined to be 1 : 1.1 for drug-excipient ratio, 65% for ethanol concentration, and 32.2% for ethanol
consumption, the granule yield was 94. 14% , and the yield rates of three batches of pilot samples were 82.3% ,
83.6% , 84.7% , respectively. The TLC spots were specific without negative interference. Three constituents showed
good linear relationships within their own ranges (r=1), whose average recoveries were 100. 8% , 97. 0% , 99. 0%
with the RSDs of 1.21% , 1.51% , 2.28% , whose average contents per bag in three batches of pilot samples were
3.40, 12.99, 3.86 mg, respectively. CONCLUSION This stable and feasible method can provide a solid
foundation for the further development and quality control of Zhibo Qingliang Granules.
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1.1 ME HLSH2-6A {BERA&HIKAL (JLHTM

23 il TAEFSEIT) s YK-10 FRABHORIHL (1 ifESE
FHALAR & A BRA D) 3 GRX6 ST F (L
KRR ABRA T ) 3 000 L H & 4 Bk |
1 500 kg/h HUAMEFRHAE 2% . 1 000 L BRIE W 4
i ( FHEEIRVUMA FRA T 5 FZG-15 s Hukm#k
RIUBLAS THRAE RN T B THLMA BRA )
30B JTBEMYBEAL, CT-C-1 RIPXAE PR HEAE . SYH
“HEEFNRANL CREOMNE R I TR A RA
A]) 3 JHZ-400 =800 ik RE AL (Il M T 2 e 24 M)
PUBRHI A R 7)) 5 YK-160 U FE 42 Fiki AL (7T
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% 1 Box-Benhnken iz % B Z 7k FE

45 2 K5 A Design-Expert 13 3144 H,

Tab.1  Factors and levels for Box-Benhnken response 53 15 2HR50, FARN 2550 LR B R, BT ey
surface method PIHPRIAL, TN 12. 5% JooK Z BB RE, B
ASEIE B COMRROTRUY  COMTN% MBI BRI, TR R L
1:1.4 65 29.2 HHIRL, 7E 60 °C 1 T4 45 min, ki, FZEHEH
1:1.8 70 3.3 RN R, TRk, G5 ILER 2,
% 2 Box-Benhnken M HE&IT 54 R
Tab.2 Design and results for Box-Benhnken response surface method
WS A AR B CEEBSEUY% ¢ CEBEHE/% AR AL Y JURiAS 3 /%
1 1:1.0 60 29.2 L0 B = v 1 BN ] GO DY E A 90. 89
2 1:1.8 60 29.2 M RREE b BB SE W L IR, B TR 81.84
3 1:1.0 70 29.2 MR b BB SE 2L IR, B TR 94.83
4 1:1.8 70 29.2 WM FEREE b RESE A L I I, 5 TR 79. 86
5 1:1.0 65 25.0 WM FEREE h  RESE AL I I, 5 Tk 91. 66
6 1:1.8 65 25.0 MBI R RBSE AWML i 9, 5 Tk 71.38
7 1:1.0 65 33.3 MR, fe o0 @ 0% W, 5 Tk 97.88
8 1:1.8 65 33.3 PO EREEE T, eS8 AL TR, S F bk 82.58
9 1:1.4 60 25.0 M BEHERE AL, RS Al 2L 1 M , 55 T il kL 85. 65
10 1:1.4 70 25.0 MBI RESE A 1L 3 9, 5 Tk 82.08
11 1:1.4 60 33.3 MR EG , g o0 il ik 05 M, B Tk 95.21
12 1:1.4 70 33.3 WM FEREE b RESE A L I I, B TR 90. 33
13 1:1.4 65 29.2 WM FEREE b RESE AT L I I, B TR 95. 60
14 1:1.4 65 29.2 MBS b REE i i ), B TR 91.21
15 1:1.4 65 29.2 WM EEREE b REE S L i ), B TR 88. 29

i Design Expert 13 #{FXK 2 45 R it %
JERMEIL A b, B2 R EIH TR R V=
91.70-7.454-0. 811 3B+4.40C-1. 484AB+1. 25AC~
0.327 5BC-3. 64A*~1.20B*-2. 18C*, HHE 2% R
90.922 7, FHARLRIGEfFERE 92. 27% 14 i 7 i AR
b, TOIE 5 SRR EA B A, a0
W3, MLl A, #A P<0.05, HAEERE
P AT P>0. 05, 2 I AR 01 PR 2 X 45 L 52 i) 4
ANy HE A, ¢ HAEBEFI (P<0.05), B, AB,
AC, BC, A’ B*, C* LRE®MW (P>0.05); 4%
N Z 5 R BRI A A>C>B.,

i Design Expert 13 {432 47 W i I8 53 7,
ZERULE 1, UMZGERH i E s R K, JE TR
W2, CEEARFUECR/N, FEH 2450 LG B0k 15 5
IR, OB BRSO HE i
N, G5l E—E, AW, RIET AN
b1 :1.03, SEEARFIE 65.65% , & P &t
32.23% , WRIASE N 96. 7T1% , L F| ] RN KX
R 27 i, BB A 1 1.1, O
B 65% , LEEFHE 32.2% ,

P BRI T 200 T 3 IR IE IR G, 45 R W%
4, HIERTEL, SEHEIEURI AR N 94, 14% , 5

R3I AENWER

Tab.3 Results for analysis of variance

KR BHETFHM O HBE ¥y F{d Py
i 684. 57 9 76.06  6.63 0.025 4
A 444. 02 1 444.02 38.71  0.0016
B 5.27 1 5.27 0.4590 0.5281
C 155. 14 1 155.14 13.53  0.0143
AB 8.76 1 8.76 0.7639 0.4221
AC 6.20 1 6.20 0.5406  0.4952
BC 0.429 0 1 0.4290 0.0374 0.8543
A? 49.02 1 49.02  4.27 0.093 5
B? 5.33 1 5.33  0.4645 0.5258
c? 17.57 1 17.57  1.53 0.270 8
i 57.35 5 11.47 — —
AT 30.27 3 10.09 0.7452 0.6165
aliiR 2% 27.08 2 13.54 — —
BEZE 741,91 14 — — —

{E 96. 71% #%i, I HIFCHEE] | K755 A%
P EOR, R T ARE AT,
x4 WIEXEER (n=3)

Tab.4 Results for verification tests (n=3)

A s AL A/ % AL ]/ K53/ %
1 97.18 70 6. 46
2 91.53 71 5.81
3 93.71 74 5.25

A 94. 14 72 5.84
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Fig. 1 Response surface plots for various factors

2.2 PaRaKEE O T BRI UE T A HORRCR,
HEAT 3 P, At BORHE 20 kg, BUTCRH]
R/ s/ ROIGE B, 84820 g, ZPRILE
5, HEnlA, ZTZRA RIFmRENE 5 82
P, BB R AL A 7 20K
x5 PIRKEER (n=3)
Tab.5 Results for pilot tests (n=3)

it

PR 2409101 2409102 2409103
R kg 8.08 8.57 9.20
AIEMEVER T 1 kg 11.92 11.43 10. 80
ToK 2B/ kg 1.98 1.98 1.98
65% LI/ kg 5.42 5.43 5.41
WOk kg 17.01 17.23 17. 44
R /% 85.0 86.2 87.2

4K/ A% 823 836 847

/% 82.3 83.6 84.7

2.3 RMEAFEEL

2.3.1 TLC EPEY

2.3.1.1 HBE BUREHAKR 3 g, A 10 mL HIfE
AR ALFE 15 min, 1TUE, MEWAET, MA 2 mL H
1118

W, VEOR IR, BREEE, $RAbTT i

BAPEAE AL, R o B PERE ALV BORIBERS R 2y
F10.5 g, [FE &0 ISP BOmEE R BIL

Xof B R, FEE R AL 1 meg/mL X R, S
8 2025 AR (R 2 ) DS aE B 05021 %
ARV WS S pl, s T R—mER G #ER 1,
DIGEAT-F B R-K (8 :3:0.2:0.3) NEIF
A, I, B, B, WELLE 5% X U E S OR
FEEY 10% BRERVATR , 90 C IV & 10 min = HE
SR AEVENT, EHYC IR, SR 2, mtal
1,3 HEH R S AR B 2R | X R AR A
BoRHFEIR L @B, AT,

TE: 1~6 N30kt B IR IR, | SRR IR25 61, b5,
(ffﬂ:% 2409101, 2409102, 2409103) . ﬁ}%’ﬂ]ﬂ‘[ﬁ‘f&"#;ﬁ:o
B2 %8 TLC &itE

Fig.2 TLC chromatogram of Anemarrhenae Rhizoma

2.3.1.2 K HURSHKR6 g, MIA 20 mL HEE
AEFEHEE 30 min, #TUE, MEWZE T, FRMEMA 30
mL KRR, AKARANE TR 2 Ik, ARK 20 mL,
GIFIE TR, 2R vE s 2 K, Bk 20 mL, ##
R, IETEWRZET, FREMA 1 mL FEEE
YRR AL S BR 25 1, He b T il B9 R A
di, TRV A B AR SR VAT B EEXT RZ M 1 ¢,
[k il o BB 2 A U 05 BB S PP 0 R 3 i
FHEES] B 1 mg/mL XF B8 S, S IR 2025 4 i
(P EZG Y PUFRIE N 050217 W HOH IR LA 5
pL, XFREZ5HE | AEala | BIEAE A 10 pL,
ST — R G2 b, DL = S k- -k
(13:7:2) TEBERNEIFR, BIF, BUh, B
T, WELL 10% iR QAW , 105 CHNAAZ BE R T
GIEMT T, FEHE IR, Z5R M 3, miknl
A, 3 R ST B2 | X R A A L
BRI BES, BT T,

2.3.1.3 HAemgE R BRORSHOR 10 g, IIA
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T 1~6 203 E X I | 2R IR 2R, it
fh (b5 2409101, 2409102, 2409103) | i 2 1 I
=3

En

B3 BERHEERIEE
Fig.3 TLC chromatogram of Astragali Radix

20 mL FAEEAEFS A0 FE 30 min, 3E, UEWZET, 3%
I 10 mL KA, KM FNIE T BEHR P23 2
W, BIX 10 mL, HIFIE TR, 25T, 5RiBEmA
1 mL AR, AR M HESR IS R eie
F L FRAE T BB R A TRD RS B AR A
W BB E R B2 A 2 g, ]k &5 X) HR 24
MR B St B F BT B S i, S
HAR 1 mg/mL %R SR, 508 2025 4FRR (P E
2Ly DU ) 050211, WO R S X IR 2444
WA 5w, B BIPEARESARAS 25 L, AR
FR—ER G #HENR L, D=8 W - L mE- ki

W (7.5:7.5:1) REIH, BTAZIMA
15 min A JEFFET I, HUH, BT, WiLL 10%
TR Z VA, 105 °C N H 3 BE 5 5 623 it |
FEHCTRAL, S50 00 4, Bubarsn, 3 ik
FE ST BRZAE | 0T R RH A s A [R] A
SREPN, BRI,

g §
8
6

th @S

lededro 3w

e 1~6 43520 25 Sk B X BRI AR g T R
Zikt, Atk e (5 2409101, 2409102, 2409103) . B4 4E
I R PR

4 BiEEE TLC BiLE
Fig.4 TLC chromatogram of Hedyotis diffusa Willd.

2.3.2 JREHA S 2025 £ (P EZG )
DU A 0 01041 X 3 HE AR S KAy L KL
BE Wb, e RHITRA; S 2025
CREZGH) PO E N 1105, 1106, Xt H i A
YIRREE S TR, A5 ILE 6, IR EME

x6 REREZR
Tab. 6 Results for quality inspection

5 K% KL/ % A Pehte T B (cfu-g™")  FAFIRER S (cfu-g™") PN b
2409101  2.32 8.96 FEME FEIE 10 20 Het
2409102 3.33 5.61 FEME ez 15 <10 At
2409103 3.35 6.37 MEME ez 5 5 AkHh

2.3.3 SailE ®7 HBEME., HBNEEBERBER

2.3.3.1  EhEREerang . hE/DEERE SR A HPLC ¥, Tab. 7 Gradient elution programs for phellodendrine

a3 4 1k Shim-pack VP-ODS % FE (250 chloride and berberine hydrochloride
: ’ 0 T (455 mL 2
mm, 4.6 mmx5 pm); FEIHI0. 2% EEHE (451 000 Wilmin O er @ji‘igﬁlﬁf:g)/i TLE oy s
™ N — ML AR %

HIL/B\ 1 gﬂ“:‘ﬁ’n%ﬁﬁé@&%ﬂ) (A) ‘Zxﬂjﬁa (B), 1‘5}% 0~5 85 15

FEVEE, FPULER 7; AR 1.0 mL/min; AEIR 540 8550 15~50

35 °C; KR 284 nm; #EFERE 10 pl, 40~50 50 50
50~51 50~85 50~15

Xof MR VA TR A . DR TR B AT HORS IR T £ 20
mg, FiHME, BT 50 mL BT, A i
PR, %, WEMBEZRZIE, w5, Ehtks
WL BERFER /N BERR T R 2 25 mg, FEERE,
BT 50 mL s, A B RS R AR, e, W
MEM B R ZIEE, FEA), VRN 1L, 22

Bt 11 mL, & 13 mL, & FIH— 50 mL
s, W EER R A 1 mL g i 5 R VA AR

7.27 pg. ERER/INEERK 29. 89 ng AW, BN,
U TR A . BRI R 2.0 g, K%
PRE, BT 50 mL HEEHHEMT, HEMA 50 mL
1119
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HIEE, FRERihE, HA 45 min, BO%, HIEEAD
FEIR B, RRA, BSL, BRI, RIAE

BRAVERE S R o F5 AT i) o B BR EAT
SR | BREAR SR R AP A, R R
Wil ikdl g, WA,

L@, O RS . BRI | BAPERE S
N BT 4o BB G N N Y ol N = SV Ao NS
5. FHULTETHL, ERFRECAIOL . FRER/INEEGROR B B[R]
53514 35.0, 43.0 min, HERE IR SIA RO
Bffal—2, BT, RWIZONE LB R,

mAU mAU mAU
80
70 80 80
60
50 60 60
40
30 40 40 2
20 !
) ] - 20 . 20 L n l
]8 H 0 \‘l\‘r\,n/"l,‘m\\ »J‘JL;\.,W\_ SYOR N T Tt Mu. ”,, 0 )‘ k"m,,,"\‘ ,»,JJ“‘L\»,J._M A ( I
S = - - — t/min B A — {/min 7} {/min
0 10 20 30 40 50 0 0 10 20 30 40 50 60 0 10 20 30 40 50 60
A. X R B. ik C. BREGAIBIPERE
mAU mAU
80 80
60 60
40 40
20 1 20 ‘ \
0 Jlj\j‘\ T VAT W W P o Uv\vw b S
S — — t/mi . ——————————— {/mi’
0 100 20 30 40 50 6™ 0 10 20 30 40 50 eo™"

D. BB B YRR

E. SR BAGR B B P

1 EhRMAD 2. R/ NEER
1. phellodendrine hydrochloride 2. berberine hydrochloride
B 5 sSEREMAE., SR/NSEE HPLC BifE
Fig.5 HPLC chromatograms of phellodendrine hydrochloride and berberine hydrochloride

LMERRTE . KRR 1 ~ ih,
FH 2 5 8 B B T 4 A T o VA B 3 Ol R 1,45,
2.91, 7.27. 14.54, 36.35 pg/mlL, £h7R/NEEGH BT
BURIE 0k 5,98, 11.96, 29.89. 59.78., 149.44
pe/mL VAR, 7E LRGSR T AR, DX
HR S TR B MR AR AR (X)), I RUAINAEFR ()
HEATIIE, AR R BRI, AR R/ INEED 2] )1 Ty R 4y
Wk Y=7.423 5X-0.127 9 (r=1), Y=18.277X+
1.8312 (r=1), 4M3I7E 1.45~36.35, 5.98~149. 44
e/ mL S NG R R AT,

K R . LM GE , 7 LR ais
FAF IR E , DA ER R BRI . ERIR /N eI
AR RSD 3518 0.17% . 0.39% , 2 WL 3K %
JERAT,

BEEHIRE ., BARMBHAKZ 2.0 g, 36 4,
WEoE, flR M mIEw, 75 LR EaE AT ik
FEDUZE , DA Eh 2 v A m . £R R /N BE 6 % £ RSD
4390 0.31% . 0.35% , £IZIEEE MR

FoE bR, B A liE &, FO0. 2, 4,
6.8, 12, 24, 48 h 7F iR ik 4~ AR 2,
DA R B RO, R R /N BE Rl 0 17 B RSD 43 51 oy
0.96% . 1.19% , KUIFWTE 48 h NEENEREf,

1120

TIFE TSRS . B B A3 B 2 RN AR S by
KL 1.0g, 90, HEmFRE, BT 50 mL HIEE
YR, & 3 0 BIRE %A 363. 47 ng/mL
TR AR 75 032, 0.40, 0.48 mL, D) J% 498.13
we/mL ERER /N EERR AL 2SI 1.2, 1.5, 1.8 mL, il
2%, L mACPHH IR, fE B EE ST
HEREIE , THE R, 2558, SR eEmm s
435124 100. 8% . 100.8% . 100.7% , RSD 43 %K
0.86% . 1.98% . 1.07% , F ¥ k¢ [\ U % K
100. 8% , RSD A 1.21% ; #hFR/NEEG IR [A] iR
A3k 97.3% . 96.8% . 96.9% , RSD 4 %I K
1.39% . 2.25% . 1.36% , F¥ AR K 97.0% ,
RSD & 1.51% .,

R RE S S I . B3 e akkEA A
AW, LR OSSR NEREDE, A
i, BRNES,
2.3.3.2 SPUElRR  RH HPLC ¥,

3% 4 . ZORBAX Eclipse Plus C, {3 A
(250 mm, 4.6 mmx5 pm); Vi3 0.05% WL
(A) -ZJF (B), BREEVENL, BP0k 9; A
H# 1.0 mL/min; #1835 °C; #MIEK 320 nm; #F
FEH 10 pl,
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®8 HEMEME., HR/IREEIEVNEER
Tab.8 Results for content determination of phellodendrine

hydrochloride and berberine hydrochloride

R TR B AT LR /N b
it T/ e/ TE/ e/
(mg-g™')  (mg$7")  (mg-g™) (mg-HET)
2409101 0.15 3.09 0.53 10. 63
2409102 0.17 3.37 0. 68 13.64
2409103 0.19 3.75 0.73 14. 69
¥ 0.17 3.40 0.65 12.99

®9 SMBREREEERKERF

Tab.9 Gradient elution programs for isoferulic acid

A 1]/ min A 0. 05% B/ % B /%
0~20 86.3 13.7
20~30 86.3~80 13.7~20
30~31 80~20 20~80
31~37 20 80
37~38 20~86.3 80~13.7

X BRI A5 HOCR BT BRI AT HR T 2 10 mg,
K ARE, BT 50 mL A, A B R e i i
e, WERmBRZIE, 5, ERMEER., W%
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Fig. 6 HPLC chromatograms of isoferulic acid
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Tab. 10 Results for content determination of isoferulic acid

it FE/(mg-g") i/ (mg-487")
2409101 0.17 3.45
2409102 0.19 3.89
2409103 0.21 4.23

FH1E 0.19 3.86
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