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Establishment of a rapid method to evaluate ultrafiltration membrane aperture
for pharmaceutical industry
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Abstract: Objective To solve the technical bottleneck in the application of membrane technology in pharmaceutical industry and to
establish a fast and feasible method for evaluating molecular weight cut-off (MWCO) of ultrafiltration membrane. Methods Based on
works, Panax notoginseng saponins (PNS) , R;, Rg;, Rb;, and Rd, were selected as indexes for filtering with series ultrafiltration
membranes, the retention rate of PNS was accumulated and analyzed with different MWCOs (1 X 10>—1 x 10%). Results The
relevant equations were fitted by linear and exponential function, the regression coefficients of equations between the retention rates of
PNS and MWCOs were bigger than 0.98. Then, the equations were applied for calculating the different MWCOs of being-measured
ultrafiltration membranes. Conclusion Preliminary judgment is obtained by comparison analysis of cumulative retention rate, and
then the optimal MWCO under tested membranes is calculated by subsection equations. This research results have provided a simple
and rapid method of evaluating the membrane MWCOs for pharmaceutical industries.
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{5 H A W JC 15 v AT IR SE SR VP ik . I 3 B0AE
RS, BRI B RN . SR A,
W 5 A P B ] P 38 R B IS AL A P B 4, s S
I3 B PERE AR B AN 2 s (MWCO) K AL
Py A R R A s ™ BT IEALAR DR A 2
IS Al B4 T 28 T B0 7 32 TR A A A I A LA 1
PRAEINAS B By ARHER RS AN — Al &5 e 22
KRBTVt ) 5, A 25 b P e ) N . TR
PR 24 ik P v R RAZAE () 3k i), E R R
(101 KR P 2 20 B (0 ety DO,k ek
orfse AT R 0 — LB 2 st %, B
HhEAR =B R LAZS 21 R Rb, A Rd
AFHERI T, SRR FLARAT bR UE () 2R 5 R gk 47
SSEBIER R, WaEEIEE, AR
(PSS AT MWCO T LR Ao b, T
It58 18 TR 25T A R ALAR VAN T

1 UESHH

XX8200230 Mz 4L, 1 [E Merck Millipore 2
Fl; KQ-250E AU s e, B ILORGIE S
7 B2 7 ; Millipore #B 5, MWCO 43514 1 X107,
5X10°. 1X10% 3X10* 5X10* 1X10°, ¥ 5N
MR ET4E %, 15 [E Merck Millipore 23] f7lEEJE
JEILZR 1. Agilent 1100 R0 AH AL E, PUICREE
FIRGE, &ML, BEEFES VWD K,
Agilent (il TAEN, SEEZHEB A,

—“ LR Ry JESH=98%, #ibs 110745-
200312). AZ R4 Rg (E 7 £=98%, fibs
110703-200424). ANZ 4 Rby (JiiH 7320 =98%,
fL5 110704-200318) Xt He i, ¥ B b [ 24 4
AW BT NS e AT R S, TR =
98%, k5 070319, LifgalRE 2R K EARA
A, —-bRETF, #t9 20100701, = R
RO B AT S A Bl Ak AK.

x1 FNBEESH
Table 1 Parameters of being-measured ultrafiltration membranes

R 5 FR7" MWCO i A #m M LS C I
I 1x10* 0 FETRA ST 2% [¥ Synder Filtration 23 7]
II 5%X10° >500 B EEARI S Pellicon 2 7% & Merck Millipore 4\ )
111 3%X10* 0 TR MK 3¢ [E Synder Filtration 23 7]
v 5x10* 0 TR NUF PR1IN ch) 3 & N
A 5x10* 0 F IR LK TZ50 MRS R AR A R A H
VI 5%X10* 0 FETRA MQ 2% [¥ Synder Filtration 23 7]
2 &k o, T HERR ML A B B 7K A B I 4 PR

21 BREIH &

211 “LERBETHEE MERN LR
B, BAUKEMR, 045 um MALIEREERL, FEK
BEM 10 mg/mL, #3 =L BHEw. L, —tE
H Ry FUEIRE N 0.78 mg/mL, NS BT Rg e
WA 2.72 mg/mL, ANZ21F Rb, JFUEIKIE R 3.44
mg/mL, AZEAF Rd JEIKE N 0.76 mg/mL.
2.1.2 RAXISEI R PR 2 E
BRI =B Ry 4.81 mg. AZ AT Ry,
15.12 mg, AZ 21 Rb; 20.07 mg, A S E1F Rd 5.02
mg BT 5 mL &2, MAERERZE, 19754
Bl o IR 2053 0 0.962 3.024. 4.014. 1.004
mg/mL FRJ7E 50 HE R

22 RBIRBRIEME

BW2~3 L =LA EHWRE TEIERZE D

BRI, SRR 22~25 °C, #4515 11<<0.1
MPa, FEEIEMES — R SV I IR B - s Bt
P FE, MAETE P BORE A A, kT AT R E,
REEEIETEIUE , MO IETRE - R @ ER, 530
HEBAIASIN, 4% R A E = LR R (R,
R=Cu/C+
C o AU D = LA A b E B A I TCRNREE, C kP
BB =R SR o S R R R
23 BIEHERE
&% MWCO [1] Millipore i JE 5 & T IE &
ge (B D p, B ERERNETNE, SR ES R
i (n=3), WHZLREHERT = LEH R K
ANZ21F Rg;. Rb, 1 Rd fEAR[H] MWCO g
(4 R, FEXF R SAHMNE IR MWCO HE47[A]
VAR, TR DI & MWCO BLA IR 5 FE
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1 BEIEREE
Fig. 1 Ultrafiltration process diagram
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241 %" Kromasil Crs (A 3AE (250 mm X
4.6 mm, 5um), AN LHE-7K, BREEGENE: 0~
20 min, 20%Zfi; 20~45 min, 20%~46%ff;
45~55min, 46%~55%<.MiE; 55~60 min, 55%<.
i AR 1.0 mL/min, #EE 25 C, K
9203 nm. %A L 2,

242 ZVERRFEE 4 HGR GRS 20,
10, 5. 2. 1 uL, Agilent 1100 #5080 4 385K,

A 2
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| | 1
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-=HEH R 2-AZ 2 Rg 3-ASEHFRb, 4-ASEFRd
1-notoginsenoside R;  2-ginsenoside Rg; 3-ginsenoside Rb,

4-ginsenoside Rd

B2 RBEWNEM (A) 5#&% (B) B HPLC E
Fig. 2 HPLC of mixed reference substances (A) and
sample (B)

DL TR g A KR (YD, o S v A 2 g A Al
br (X0, fLMERIARE: —-E2H R N Y=155
X—131.8, R°=0.998 1; AZ 1 Rg N Y=261.9
X—57.96, R*=0.9993; NZR1f Rb, J Y=297.4
X+11.44, R*=0.9990; AZRE1FRd N Y=103.6
X—75.94, R°=0.997 2; W] =-LE2FF R, 7£ 0.962~
19.240 pg. AZ51F Rgy 71 3.024~60.480 pg. A%
2AF Rb, 7F 4.014~80.280 pg. ASEH Rd £F
1.004~20.080 pg 5 s Wi AR 5 E A 5 2 W) 2 vk
KRARILT,
243 FEEFEEAE R RUR G R 10
ul, FEEBEEE 6 K, % “2.4.17 TR (i 440,
G AL EH ) RSD 405k =B B4 R,
0.48%, NZRB1F Rg 0.85%, ASE1F Rb; 1.41%,
ANZBAF Rd 1.24%.
244 FOEPERE  OREPEWRIEE “2.1.17 WU 5k
REBRI =B R B 10 pL, 23 5)F 0. 1. 24 44
8. 12. 24 h #EFE, $% “2.4.17 TR (il 440,
g I TR E ) RSD 205k =L B3 R,
0.91%, N2 Rg 1.02%, ANZ2F Rb, 0.84%,
ANZ AT Rd 1.36%, 45 LR =L 0 BT 24
h WERE .
245 BEEMRE % “2.1.17 W FEOEATHI%
5 =-ERVBTREL X “2.4.17 TR S
W, F R R R RSD 4300 =t 21 R,
1.57%, ANZB 1 Rg 1.51%, AZ2FH Rb, 2.03%,
ANZ AT R 1.75%.
2.4.6  NFEFEDECRIREG ORI EIKRIE S 10
mg/mL [ =GRS 6 14, R IR A
PR OEE, He “2.4.17 TR A A kAT s
JE, VAR R 73900 = B4 Ry 101.15%.
ANZBA Rg; 98.85% NS AT Rb; 96.80% NS
F2FF Rd 102.03%, H:RSD 4354 1.43%. 1.96%-
2.05%. 2.21%.
25 HW|WIE. TEAE

KM SPSS 17.0 it A AT £ 70 A, 1oy
() R ~F-I4MH 5B IEE MWCO 73 JISK k. a4k
ETRRATIGIEE, BIHREOT 098, &7
2.6 fFNEBIEE MWCO

E AR 00 0 T R 9 R 4 v (%) B
(B D, BB A AT BRI, &
% 3 ¥k, HPLC kil it =t g R 2y
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TR, %ﬁ SFEIENL ) MWCO M EFLAE 5 BRI =R B FERS ) R 5B
ZITR[ENGE P MWCO (M) ¥ 2 [M RO, BT RIS,
3 4R KILMWCO 7£ 1X10°~1X10* } 1X10*~1X10°

3.1 ﬁiﬁﬂ’]i’_’;‘),%‘le

LR EHEM 4 A FE RS =LA R,
&Aztﬁ Rg,. Rb, #1 Rd 1) R B8 WA 3,
FAME MWCO 1X 10°~1X 10° [y h 531
AN 0 SRR, B B IE MWCO (139 K sk
N, R Ry ASEAF Rg 5 AS 21 Rby.
Rd R 22 57 I H 7 0 88 g iy 38 55 9t/ MR R A
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Fig. 3 Ultrafiltration cumulative R of PNS

W, MWCO 5o R 2 10 IV 1 2 vk F7
BOrRERZR, HEHEMFEIARE G) KT 0.98
(2
3.3 EEALEIENAENESL

@ A7 F 2 S e 8 RN B A, 7 R0 IR R A
FEJJRNELE T, HEBRIAL TN — A s 2 o s 1
E’Qum MR 28T, THEE T R @ ¥

P DN S S T HE 1) — - SR R A R B 4 R

5@] 3 R R X, VP E MWCO i ;
@ WIBIEBEALIRTEAE 1X10°~1X 10" 5 1%
10*~1X10°, 43 5% 1 Jy R v 3 B (% X i) i3 47 31
5, e i MWCO \%ﬁmﬁl
3.4  THENBIERR AN L

R4 4 = Jc,uﬁﬁﬁﬁtzf@%ﬁ R 5K 3
XPEG, WA A DR JE KT MWCO 43 1) Ak g
i T 1X10* fedy . FRUENR 1T 5X10°~1X10%, g
JIETIT 3 X 10* 2247 R Y IV ~ VI Y7E 5X 10% 2247

# 2 MWCO 54 R ZiERIE X
Table 2 Correlation between MWCO and R

% MWCO 15 [# KR r
=B E R, 1X10°<M<1Xx10* R=-6.19 M+78.21 0.991
IX10°<M<1X10° R=-6.50 InM+31.6 0.985
ANZBH Rg IX10°<M<1X10* R=-5.483 M+71.34 0.993
IX10°<M<1X10° R=-6.35 InM+31.12 0.981
ANZ 21 R, 1X10°<M<1Xx10* R=-0.359 M*+1.678 M+96.76 0.985
IX10*<M<1X10° R=109.2 ¢ "0 0.997
ANZEH Rd 1X10°<M<1Xx10* R=-0.283 M*+1.465 M+97.85 0.990
IX10*<M<1X10° R=123.7¢ 0¥ 0.991
3001 * AZ1f Rd iﬁﬁﬁiﬁi?‘*ﬁf TR, S5 R 3,
i oo PRI BB = AR 3R 2 R bR
§ 150 s = LEAFR, K3 MWCO, {H 2 AE AR oA I 28 £ 1%
% 100] I WA B, R AR R4 A T 4 . 2k
0 - . = LR TR R 3, 5
o i - " 5 =

I II 11 v
Fr D e

B4 FUEBEEN=t2EFMBERITR
Fig. 4 Ultrafiltration cumulative R of being-measured
ultrafiltration membranes of PNS

Mgt L, TREERIUA S B IERE 1 4 MWCO
T HAR s MWCO JEA—5, i =B 2t
TESR KM 0 SR Mk e 15 5 1R 47 4 35 LA AR LU
PEAT N KIAGEFH AR IR MWCO I H 3K
%, Mty Ty Bk fE s MWCO 3 10
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*3 FNBIEELE MWCO
Table 3 Fitting MWCO of being-measured ultrafiltration membranes
AN g A MWCO A MWCO
ChfR MWCO) LR AZE{FRe ABE{FRL  ABEIFR A
I (1Xx10% 9 800 9900 10 100 10 000 9 800~10 100
I (5X10% 7 000 6 500 6 800 6 700 6 500~ 7000
I (3X10% 27 600 26 800 36 500 35100 26 800~36 500
IV (5X10 47 500 46 800 58300 60 700 47 500~60 700
vV (5X10% 52100 51400 50 500 50 700 50 500~52 100
VI (5X10% 48 300 49 100 53 400 56 100 48 300~56 100

JIH Synder Filtration #EUEME (11D A LEHA
26 800~36 500, iHAILALIESAHIET 3 X 10*
Millipore #EENR B 4 5632 o £ X A [H MWCO.
AR F IR AT R, RIL—=H 2
W) A7 AE 22 57, Hob i g I IV MW CO Z A7 i Rl #5¢ 5i
FEJENE V MWCO HUHER, 1151 A MWCO %
SRR DR AT B IS SR B T AN R SR F 1
PRER) TSR 20 AN 43— I AT Y TR K

4 it

R YEIE MWCO S = i 4> B R R 2 S 4L,
SLRTDURIbR 2 )2 e A 7= K SE R, T IE R
A5 FH BT W AT 7 VR VT BT R M B8 LA e i L
Iy B TERE, XM A FH LA AR e S L
TR e . ARt TR R
AT AR e MWCO Al ik, i
T MWCO 7 1 X 10°~1X10° (36K Ve

[, R T PRUE T R4S R B HERf I, AR SE58 H
W ARG R 22 AT TR, e T2 bR
JAE J5T 5 B A3 2 TR W o - A O B P s e, e A [
PETHTI R4, RIS LA X 1l 23 1 5
AR B 20 AT e AT R TR o BT R T HE R ZE W
th, @R ER, KIEHRERJ)ZNT 0.1 MPa
PRI T, WRZERA T &5 RN Ak, =
LRI TR R AW, R 5FREWREL
—E R ERIEARDG, QR BB S R IR
S3 R i i NS 21 Rb, M1 Rd Kl 45 RAERE,
DAL b fe 28 2 — LRV B AT R IR S 4 10 mg/mL
Kty dERUER, WER.

B R EAA TR I R B ATML ) R T 1 2
U MR FLAR AR 5 S (7] B4 0 s 4 B R A
AFAE PR S 0 22 ) B0 H T B I 22 D Sie K A
A SEIG A SRR A T R AP = AT T =B RE

TR IE S BRI, X SRR A O 1) AL
FEVPOTAINE I, BRKPERS SO g I R L AR VAR
R D e .

AT, A7 LB g I MWCO i Y 11X 10°~
1X10°, ARSI 2A0E H T MWCO 7E 1%
10°~1X 107 [fEEENE, PLAEAE— s R R, 1
&, A2 R YOE T A AR R B Had
AT UENRE MWCO Rl fh 25 sy, TR 28
AR SR 2 By AR S > B, S A, T
e H] T e MWCO TR 25y, BE—A5e
] T IEIE MWCO i PRk, wIAT A4S
JiiEs NI AARAS B3R TS HARAEH 25Tk A
i I
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