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Optimal separation and purification of extract in Sanao Sustained-release Tablets
with macroporous resins by multi index comprehensive score

ZHANG Jin-hua, LIU Tao-shi, CHENG Jian-ming, CHEN Dong-dong, QIAN Hai-feng
College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210000, China

Abstract: Objective To explore the optimal separation and purification of extract in Sanao Sustained-release Tablets. Methods
Taking the adsorption ratio and desorption ratio of ephedrine hydrochloride, pseudoephedrine hydrochloride, amygdalin, and
glycyrrhizinate as evaluation indexes to optimize the purification process of Sanao Sustained-release Tablets by multi index
comprehensive score. Results Macroporous resin HPD 300 had the best adsorption and desorption properties. In the course of
adsorption, the optimum concentration of the sample liquid was 1.67 g crude drugs of per milliliter, the resin column size ratio was 1: 7,
the concentration of sample solution was 0.6 g/mL crude drug, the sample flow rate was 4.0 BV/h. In the course of elution, 2 BV
deionized water was used and the resin column chromatography was eluted with 5 BV of 70% EtOH by flow rate of 3 BV/h.
Conclusion Macroporous resin HPD 300 is suitable to separate and purify the extract from Sanao Sustained-release Tablets.

Key words: Sanao Sustained-release Tablets; macroporous resins; separation and purification; ephedrine hydrochloride;
pseudoephedrine hydrochloride; amygdalin; glycyrrhizinate
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Y%K 99.8% )« #h I O R BTHOS HEh (Hik 5 171238-
201207, s %L 99.8%) T A TEXT AL (k'S
820-200002, Jii it 7341 93.4% ) H B R E 6 L itk
5 110731-200511, Jti5r 4 93.1%), Bjhih [E &
a2 R EF R B L. HREh (g, K
AR, BRI ATal. MR AT HEY
HI M st ie TR 2 R ) 3t Rt PR 2 0%
R &R AT, BRI RSB RR 5o FE ) B R
Ephedra sinica Stapf. Wi WA iRy
JEFEYAY Prunus armeniaca L. var. ansu Maxim.
(T R 7 H O BB L E A A T
Glycyrrhiza uralensis Fisch. [FJTHARFIRZE; KL

B (D-101. HPD100. HPD300. AB-8. XAD-7.
ADS-17. HPD500. HPD600) 4 1y N 52 AU 44
IR A IR A AR A

2 FHESER

2.1 HPLC FIR N EERERFR B FhER 00 R &6
EBCHEMEERR

211 A AN Kromasil 100-5-Cig £
(250 mmX4.6 mm, 5 um), WshHK LHE-0.1%H
PR KW, BRREVENL, AR 1.0 mL/min, HEFf
10 pL, KR 30 °C, SRR ERTR O MR T HR
AT EAE 208 nm P N A, H R EREEAE 250 nm
PRI, (5% WL 1

A 1y 208 nm B 250 nm 4
3
' | L
C 208 nm D 250 nm 4
Iy 3
A LT | S,
0 20 40 60 80 0 20 40 60 30
t/min

1-ERMRIRBOHR  2-EhMROWAR AR 3w V(1 4-H HEMR %L
1-ephedrine hydrochloride 2-pseudoephedrine hydrochloride 3-amygdalin 4-glycyrrhizinate

E1

BEMEMS (A, B) #i#5 (C. D) A9 HPLC

Fig. 1 HPLC of mixed reference substances (A and B) and samples (C and D)

2.1.2 FRUEMNZRZH]  HORRRRR . SRR Oh AR 1%
Bl v AR H SRR TR R, R SRR E

TR B SRR RSB 43.7 pg/mL. AR R DI IRR B
B 42.9 pg/mL. FEAEF 202.1 pg/mL A H R %
203 pg/mL [PIRA X IO, ATERE f O R AR b
(X, WEMBNPAER (V), AT, 5k
FRIBR BT SRR ORI AR 5 A A H SR ]
IHTTRE 5k Y=2.4X10° X—9 575, r=0.999 5,

L VLS 87.4~874.0 ng; Y=2.5X10° X—21 735,
r=0.999 5, ZVEVEH 85.8~858.0 ng; Y=4.7X10°
X+45295,r=0.999 6, &PEE [ 404.2~4 042.0 ng;
Y=7.6X10° X+10 028, r=0.999 8, ZkiuH
0.406~4.060 pg.

2.1.3 WEEWRE  BURA S, 192117
TR OB S A F AT e, SESRE 6 IR, RrIER IR
7 AN Lo ol N o A e & 7 L SN L T

B TS SRR R I ShIR AR A
FIH HRELZ K RSD 230514 0.61%- 0.49%. 0.44%.
0.22 %, FKUKEZE R

2.1.4 FOETEIRE B “227 TR ERERW, %
“2.1.17 TR AR AARHATINE, 750y 24 4. 64
8. 10+ 12 h EFE, Horil ER R R ECHR . R 1R O PR BBl
A A R TRIAR,  VHRAS SRR PR BT
ERTR O RSB 75 AV AR H R4 K RSD 4354
1.48%-. 0.81%. 1.24%. 0.96%, FWHLKXMLE 12h
WEGE, AR .

215 ERMERE  CPATHE 5 0 BRI, 1%
“2.1.17 TR A AR EAT I E s AST I SRR PR BB
SRR O BR TR 5 AR R B T AR, TH B
E N 0N NN g ) S AN O R £ 7 I
FZ 10 RSD 2393 4 1.57% 0.59%. 2.04%- 1.89%,
KHEGER L.
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2.1.6  IFERIWCEIRES RS E RS IS IE 1) A
W 0.5 mL, AT 6 4, R I IR od
2 “2.1.17 WU EGE AT, THEAS SRR R
OOk SRR RRE IR AR R T Y
TRE I 250 531 Ky 96.89% < 97.67% - 98.52%
96.95%, RSD 73 1A 1.42%. 2.39%- 0.78%- 1.48%.
22 LEHREHE

PRI 74 F5 407 /8 (b7 : BR3E 9 g\ w7 V 42 9 g
HE 9 @), I/KEIAEMIGRSEE 3 ¥k, &K 1h, k46
IR BRI A2 1.0 g/mL, B2, L
TWRAE N EREBG 2 HPLC Ky, RV SR R
O SRR RRIE DR o A AT AN BRI T
WPESr 5 2 542.45. 1357.41. 4863.42, 3767.55
ug/mL, JFUEEN 0.76% 0.41%. 1.46%.
1.13%, BJRESECN 3.76%, BEEN 24.19%.
2.3 KFARPEESiHIL
2310 KALW R TUREE  HOE KL IR 95% 2
MR 24 h ek, WRvkdhs, P 95% Ll
AR SEAK (105 APEdpaRmhil, &
Je T ZE MK vE 2 ek RITT, 45 H .
232 RALW RS Sk ICPiabF ) 8

Fh -5 LB I (D-101. HPD 100, HPD 300, AB-8.
XAD-7. ADS-17. HPD 500. HPD 600) % 5g, &
100 mL HIZEHETE S, 20 PRS2 A EFE 20
mL, Wil FEE 24 h, WE BT 4 PR
SRR IE,  THEL 4 FhoAy 280800 R v AN BT S R B
BRILGEVEr (GG VEIr = 0.3 X 3 R RR v il +
0.3 X TR R S0+ 0.2 X A= 1F 4+ 0.2 X H 2L
B, DIRRBAA ), W G RO 2, s
R TR PR S BN 5 1 Dh JRR B DA R B0 0.3, v v A=
R H A E RECN 0.2); Bk KL e
JEZT, N 100 mL HETEIf T, N 70% LBE 50 mL,
WE 24 h, MEHEWE 4 P 8085 TR e,
TS 4 PG 8080 IR A A s R % e i
oy, ARIE 1.

A I = (Cy— C)Vi/m

F SRR =(Cy— COVIICoVy

AR = C,Vy/m

FAMRR = C,Vo/(Co— C)V)
Co N IRBFTRIRIE (ug/mL), Cp WERBFEKE (ug/mL),
Vi RERARL (mL), Gy KPR (ng/mL), ¥,
HVEBBAT (mL), m AR ERE (g)

F 1 TREIES KFLK BT IR M FNARAT IS RE R 200

Table 1 Effect of different models on macroporous adsorbing resins on adsorption and desorption properties

— SRR R IR R L4 JBR 35 Bk WA HRER ESRE R i
WP/ % R % W% B IR % R % W% R % W% BT HR%
D-101 86.20 50.07 88.37 52.93 68.90 30.34 98.69 54.71 85.89 4791
HPD100  86.76 46.13 88.43 49.34 72.56 42.61 94.29 40.50 85.93 45.26
HPD300  91.52 45.40 92.93 48.02 81.96 43.71 94.40 39.85 90.61 44.74
AB-8 88.18 40.83 90.10 4287 77.02 34.86 95.07 37.53 87.90 39.59
XAD-7 86.83 47.47 88.31 50.39 70.37 35.38 94.24 49.11 85.46 46.25
ADS-17 60.35 31.20 57.86 32.80 36.15 6.79 70.81 51.96 56.85 30.95
HPD500  77.75 41.63 71.75 42.98 59.77 23.52 89.13 49.24 76.43 39.93
HPD600  73.51 40.30 73.76 40.54 52.69 15.14 85.01 51.29 71.72 37.54

45 L], D-101. HPD 100, HPD 300. AB-8.
XAD-7 %} 4 PR8I B 28 55 Al W 2 35 A1 i e
IR, HRH A XAD-7 Jy & PRI i, Hok
AEIA 4 TR R A ) 3~4 1%, ZERIE A4 R
FZEAREWEO Y, TR L A, Hont
D-101. HPD 100. HPD 300. AB-8 4 F7! 5 ) kAL
WIEREAT I — D 52,

233 KALWEERS BN ) 22 % 52 R SR
D-101. HPD 100. HPD 300. AB-8 4 Fi7{! 5 KL

NE® Sg, BT 100 mL #EEM, 2k A b
FEW 40 mL, Hild FifE 24 h, 4000F 1. 2. 3. 4.
5. 6. 12, 24 h ER R 4 FioA 80850 10 ok
B, VHERREBELEAN [ Ti) P S 4 b A7 R0 R 23 1V
i, DA B0 I BRI TR P, 15 120 T PR R B
ek, 2R 2.

¥ Eak 4 PSRN e R FU RS, K%
I 70% £ 50 mL BEAT R B, 63 & 24 h,
ST 1. 24 34 4y 5. 64 120 24 h IERWT 4
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T RO (R IR, W SERISEAR RIS % 4 2.4 HPD 300 XFLBIAS R &L HI R S
FlA OB AR o, LSRR o g R o TV £ 141 B E
13205 B IR AR B 2l 2 ih e, &5 R ILIE 3. HU AR ER 4T 9 HPD 300 LI BH#4 i 30 mL,
45K, D-101. HPD 100. HPD 300, AB-8  {@ykBE ANBIEFE (420 1.8 em. & 30 cm, 4815
X} 4 FAT RS (I B4 A DS B, 76 1 h bkl 7 o, BRE, EAMARUA RN 1.0 BV/A,
LEATIERI I TAT, {E 4 h A4k s)5e4, H 10 mL W8 14y, JOIcsE 15 4y, IiE Bty
HPD 300 %} 4 PG 8080 IR AL T Hofth 3 FRAL 4 B RO IREIREE s LA 4 B U8 o 1 i i
WG, ZEA %, Pk HPD 300 hfct: KL . WREE A PARR, EARERUA TR B AL bR 22 MG 2k

IR " R D JFR 2B
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Fig.2 Kinetic curves of static adsorption
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Fig. 3 Kinetic curves of static resolution
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SER LK 40 FEAAFLE AR 60 mL B IFLG H
UM, 100 mL B R BRHA BHAN; £R IR IR SR 21
PR O RS IRAE 90 mL I T4 tH MR, 120 mL i
W B 2R H R RREAE 100 mL B JF46 B B
U, 130 mL IR PRIE BR800 Bardr, bR
A 50 mL IS 4 B R8s AN 2 IR » i 50 mL
K ERER, I EREECY 50 g, MY TREETT
P RRR I A2 1.67 go

- —e— SRR BRI
—e— ER RO BRI
| AT

—— H R

JFR I /(gmL ™)
[3=] B [N o)
(=] (=} (=} (=}
T T

(=}
T
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T RERABYmL
E4 Rz
Fig. 4 Leak curves

25 REtER

AL FELF () HPD 300 KL ARIZ4Em b A
133010501070 19BN 4 RIS MR
PEFEAE (A2 1.8 em. /=530 cm) HY, 43 ARG %8
NERHOR (74£25 1.0 g/mL) 30 mL _EFE, EREATR
WmEYN 1.0 BV/A, frRaliE, 20 2 BV
ZE KIS, IR S KU I, TE 4 Fi
AR TR FE, TR 4 A R0 o3 W B 2R
GERNA 2.0 25K BEERE LR, 4 T
RO S3 TRTR B 2 AN S i, B Attt 109
I, LA IE XS 4 FhAT 25 mk 23 1R B 220 100%,
ERARELL T 70 4 B0 2 o3 IR B e S5 42 s B
119, B RFEEER, BB MA LK
Ja g T A= 44, BOEBmERELE A 17,

E P NCEE =@ A ES A

Table 2 Effect of different diameter height ratios on

adsorption rate

SRS
Rt EhEAR Eﬁ@%ﬁ — e PPN
vl PR L7333
1:3 8653 8363 1878 9285 7337
1:5 9425 9605 6341 9925  89.62
1:7 100.00 100.00 9638  99.92  99.26
1:9 100.00 100.00 100.00  100.00  100.00

26 LHBEREBREER

AL ER 49 HPD 300 KALBIE 30 mL, 4442
bl 10 7 WA N IAE (4% 1.8 em, 51 30 cm)
i, SPAT S A, BURIGE (4224 1.0 g/mL) 10, 20,
30, 40, 50 mL, M/KFiFEZ 50 mL, Af 24y )&
WREZM R 0.2. 0.4, 0.6, 0.8, 1.0 g/mL, LFEfE
MU 1.0 BV/h, feanWftfs, M2 BV £51
IKBEGE, FER R S KB A I, DIE 4 FhE 2508
SIITTEIREE, TTERIN S, S5 R WA 3.

3 FRE AR ERE X M R B 20

Table 3

adsorption rate

Effect of different sample concentration on

W%
PRI = s s

@mL™y T VU Al
OO RR R (755

0.2 100.00 100.00 100.00 100.00 100.00

0.4 100.00  99.52 99.39 99.83 99.70

0.6 99.74  98.87 94.42 99.62 98.39
0.8 99.10 97.63 82.65 99.28 95.40
1.0 98.51 96.31 67.15 98.92 91.66

GERRWY, BEE DRI, 4 Fh
A OSBRI B, R RE S Rk 2T
WRIE 3 T B0 JUR I ASRE TE AR AU B, it
R FLARS g P W B 208 18 B P RR 2, VR P P
BEIARNST, B AR ERER
HIREN 0.2 g/mL I 4 B 2808 43 I PR e d K
{ER IR RA FECLAE TAER K, $kERT, ok
P EFERIRAE PR IR SN 0.6 g/mL.
27 EHARREER

AL HE LT (¥ HPD 300 KFLAAE 30 mL, 4445
mbl 1 7 MRS NS (N4 1.8 em. 51 30 ecm)
WL SPAT S 8 43 RS A IR IGE (£ 25 0.6 g/mL)
83 mL bAf, EFARUAEZ SIS 054 1.0, 2.0,
3.0, 4.0 BV/h, frasrlifftiE, M2 BV 281K
Peds, KRS KBEIE A IR, e 4 AT RO
IR, THAER PR, ZiR IR 4. G50,
b AR AR R AR I, 4 B R8s 1
BEARAE N R, (RS RN, RTRER K
S EXS 4 Fh A7 28508 3 BRIV B by BRI B, T DA A
TRt o TL B R AN (B35 O TR AR,
[V s} BB A A AT 00 o e s RO B, WO R £ B
AR N 4.0 BV/h,
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Table 4 Effect of different flow rates on adsorption rate

43 H 7 BV 1) 30%- 50%-. 70%- 95%ZEELL 4.0
BV/h St e, WCERBEBGR, T 4 Fha 80855 1
FEIREE, THEMNTR, 4K 5. gEHRM,
30%LTERT 4 B B8 IR B 22, 70% &
TN 4 M 2808 IR 3R AL, WoZe FEDE I
K 70% L%

RS TR AR E B 0E

W B /%
R e s — o
(BV-h) R X £ AV
ORI 835
0.5 9945  99.09 99.82 99.95 99.19
1.0 99.44  98.96 99.45 99.92 98.99
2.0 9943  98.72 99.39 99.90 98.84
3.0 99.39 98.71 98.73 99.88 98.58
4.0 99.28 98.61 98.42 99.69 98.32
28 KARAEEE

AL HE LT (¥ HPD 300 KFLAAE 30 mL, 4445
w1 7 MRS N (AR 1.8 em. 51 30 ecm)
o, IMAEREOKR (425 0.6 g/mL) 83 mL, LFEE
R 4.0 BV/h, Fr st G, HEEFKEEE,
10 mL Wl 148, JLlscdlE 13 4, IE v 4
FhAT RS P TR S, DA R AR, 4 Fh
A A T TR IR FE R AR, 2Kk E F e
ek, 4K 5. Z5REM, BEE KD H Y
I, ARTR IR B0 5 SRR OA R BB 70 mL TR 4R 25 bt
FRKVEBBE DY ok, h T Rets A soh Ly
X BEARAE Sk AT A I O, WOk $E 60 mL (2
BV) /Ky

0351
3 — LR IR BRI TR
0.301 —e— IR DN R BB
—a—pi Y
_025F —v— R
g 0201
2
éow—
i
= o.10F
0.051
o F
0 30 60 90 120
JKVEAREmL
5 JKiEBtphZe
Fig. 5 Water elution curves
2.9 ERRFIEER

H AL BE 4 1¥) HPD 300 KFLM AR 30 mL, %42
bl 1D 7 VAR A (AR 1.8 em. 51 30 cm)
o SPAT 44y, 43 RS B IR IGH (£ 25 0.6 g/mL)
83 mL, LFAARIE 4.0 BV/h, 578 0Wfil)a,
M2 BV LB FRUEN, KRS KRS I,

Table 5  Effect of different eluent concentration on
desorption rate
&7
v e ey 0 HE
T PR 17533

30%4 0 5534 59.60 78.38 16.61 53.48
50%Z 0 81.57  79.90 80.21 81.51 80.79
70%4 0 8136 78.25 85.24 88.33 82.60
95% g 79.13  73.57 39.17 82.67 70.18
210 EERAFRIREZ R

H AL EE 4T i) HPD 300 KFLAIE 30 mL, 4442
bl 1D 7 SRR AR (HAR 1.8 em. 51 30 cm)
WL SPAT S 8 43 RS A IR IGH (£ 25 0.6 g/mL)
83 mL, FFARIE 4.0 BV/h, 15780 W)aE,
H 2 BV £E7F/KBER, Bk WS KRG I,
I 7BV 18] 70% LB A1 EL 2.04 3.0 4.04 5.0,
6.0 BV/h (AL BEE, WA DEM, IlE 4 By
OB IR, TR, 45 R K 6. 45
BRI, B VEMAARR R AW I, AL A
X4 TP B AR 2R A E AN TR, K 2 BV/h
55 3 BV/h S RAH AN W2, o0 T 3 e i Ak
RATLII ], MOEPEBAEDE AR R 3.0 BV/h.

211 SERFIREEE
ICPUAL B4 1Y) HPD 300 KALB G 30 mL, 4%4%
R 6 FEBTIAR EMATUR 2 X RN R A0
Table 6 Effect of different eluent flow rates on desorption
rate
We=R/%
BT — o
@V L s L Py
T RS M ik
2 89.23  87.57 84.26 94.96 88.88
3 89.12  87.61 84.14 94.90 88.83
4 88.68 86.51 86.24 94.58 88.72
5 86.24  84.40 78.93 91.63 85.31
6 8333 81.77 82.03 88.20 83.57
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bl 1D 7 VAR AR (HAR 1.8 em. 51 30 cm)
B, IABRBOR (725 0.6 g/mL) 83 mL, LREA
HUE 4.0 BV/h, fraalbtfs, H2 BV L5871
IKTEGE S B0k B W KA IR, TN 70% L,
PL3.0 BV/h R EGe, &5 1 BV i 14y, I
W 20 13, W 4 FHA R8RS IR EE, DA
HONREAARR, 4 PRS0 IR BE AL,
oxpem gk, 25K 6. gERERM, PEiEA
F 5BV I, 4 B8k el se 4y, Mukdei
FEVEIL R 5 BV,

40k
2ol SRR
o~ —o— ERTR NI
2 L —a— AT
o —y— IR
@ 2.0F
¥ L
I
B oo}
0 C 1 1 1 1 1 1 1 1 1 1
0 4 8 12 16 20

Vel 5/BV

6 LSk

Fig. 6 Eluted amount curves

212 KFLIRHR AR £E 1k T E184E

I 83 mL Ik JE N AR 0.6 g/mL [FHEHL
Wi, T CALFREF ) HPD 300 KALKHIE, M IEFEAE
k17, EREARURE 4.0 BV/h, KYEH & 2 BV,
70% CBERHDENL, DEMAFR R 3.0 BV/, BRI
S BV; AT 3400, W 4 B RO RS R (i
R =GB R X MRMT ), SRR 7. 5%,
HPD 300 KL Re Ak alifb Febritk o HIE#
R, RUETEL, UE T AR ATAT,
3 e

T A, AR A A HEA TR
—MRIESY, TR REEE LR B SE AR
WA S [R5 52 T SRR S0 AR R Dh JBR 2400
WA R IR 4 PR, Gk AL IR
S B S5 AT AR 6 N 8 P 285 LB i v ik 1
4 FPAVS R, R0t 4 Fh S R R EAT i
AP 2 S, e 280k Y HPD 300 Ay fefE K

F7 HUIZHIELER

Table 7 Results of purified process validation

YRR %
FY R o ZE
R = S
HEHK PR B BR% o

1 88.77 86.65 81.18 94.65 87.79
2 88.92 86.76 82.35 93.98 87.97
3 88.03 86.07 81.67 94.85 87.53

LG

HPD 300 LA 5 Fi b B 23 B A e i (1 I
bt bR, I 2 Fabn s G VR iE R L p A
WO FEIEAT T %%, JF456 B IR 35 7 5 44 o e
Al fb 5 A N R TR 1.67 g 24224, BEIRKE
Rt 107, EREZNITRIR A A2 2 0.6 g/mL,
REARRR R 4.0 BV/h, 2 BV 228 TOKUEG, 70%
CPERWVENG, YEBAARI R 3.0 BV/Ah, PR S
BV; =R BRI KA IRt 5, SRR AR
OO FRFROVRRE O AR H R R K S T
HHUN 3.76%3E ] T 22.62%, ALK TT I 6 £i%;
RESENECRE) 24.19%%F] T 5.10%, REMSR
BEAG, (FRA RS RBUR, T ERAHEARTT.
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