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Ultrafiltration and concentration used for separating insulin-like growth factor-1
from Cervi Cornu Pantotrichum
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Abstract: Objective To establish the ultrafiltration process of concentrating insulin-like growth factor-1 (IGF-1) from Cervi Cornu
Pantotrichum (CCP). Methods The ultrafiltration technique was utilized to concentrate the IGF-1 with CCP freeze-dried powder as
raw material. The polyethersulfone (PES) membrane and modified PES membrane were compared and studied. The effects of relative
molecular weight cutoff (RMWCO), pressure, and pH value on IGF-1 ultrafiltration process were investigated. Furthermore, the
cleaning methods were investigated, and the optimal conditions were obtained. Results The optimal conditions were as follows: The
RMWCO of PES membrane was 4 000, the RMWCO of modified PES membrane was 5 000, the pressure was 0.3 MPa, and the pH
value was 12. The recovery rate of IGF-1 and protein reached 68.32% and 69.20%, respectively by the PES membrane, while the
recovery rate of IGF-1 and protein reached 57.17% and 87.43% respectively by the modified PES membrane. Four different methods
were employed to clean the membrane. The results showed that the membrane immersed in 0.4% NaOH-0.1% NaClO solution for 24 h
was the appropriate cleaning method, by which the PES membrane permeation flux recovery rate could reach 98.65% and the modified
PES membrane permeation flux recovery rate could reach 93.75%. Conclusion The IGF-1 could be easily concentrated and separated
using the ultrafilter condensing technique. The process is easy and stable, and the membrane is easy to be cleaned and has high recovery
rate, which has the high potential of industrial production and application.
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JEEE Cervi Cornu Pantotrichum (CCP) ik}
ENVWIMEAERE Cervus nippon Temminck (5 C.
elaphus Linnaeus [RIHERE A B 1L 2B B B 14 M,
e R G Db gy, AR SR AN L
SRS . RETR S ANRE. 2. 2.
HHBAZIR BRI s 2 M A E
SRR R T b B R A A KR -1
(IGF-1), T HAARHIAEKKE, PiakRm. &
RN, I4FE R H 2832 B AT e,

AR I DA M 1) % i i 2 - T PR A
AR, R A BRI IEIR, @ TES
JEE IR TR IGE-1 3R T 4", (BAExHR
WO AT s 4 IN A 30, R IE R4 Berh IGF-1
MV 50 s AR TR i, AR SR I AE . ARy H AT,
WP M TS e BRI IGF-1 R IEMR 4 L 2 MRk
. Rk, ARSI DA R TR 0 JRORE, i %52
AR A4 7 B Ccut off relative molecular weight,
CORMW). Ky pH fi. BEFP2E. ¥EVE LS A
FA R IGF-1 KB g grat g m™, %t
IGF-1 IR A T 2T RGN I, s 21
PUALI IGF-1 BB UE N & T 20, ANSEEG 45 ] b i
BRI BT AR S DRI A7 g AR AT B 24 4,
HRAE S AT A ) R B FH AR A PR A s
1 UE5HH

TGL—16M i &5 A VR B Ol (KD
DM AT PR 71D, KG—200DF Hda it 7 i vk
a CRIMTE A S AR AFD, SCM—250 g
ARG CEIN YT, UV—1600 KA 1
SRR (B R AR 3 B A A w)D, GC—911
WE y O e T H s O B RRE R 22T R o bt
I R A D .

i R i AR IE 2 A IR A R R AE, ke
H, WA B EZA A S XIWERA =g TR
Y58 MR Cervus nippon Temminck (7 RE A7
B AR ERIYM . KB (PES) J@IEME (Hh[H
(R IV LY/ R DI e S NI
Ly, FEKREETEA 28.7 cm®); Pk PES HEUERE (£
[ Pall 24 7], PLEKMEHIAL 28.7 cm®); I3 (1
(P ERVEBE BTN IGF-1 J8UR S 4y
Mré i ORI AR TREA R AR %5
Sel G250 (RED ke, RS WA RAFD;
P A3 G2 P ) A B 2l K B, AFH AT 0.2 pm 1
e PR 2T A Mok i L Il o

2 HESHR
2.1 ERIBTALE

Kot EE Y LIRS 2~3 mm 3
oy AE=60 CH&MF FEZSAGTE 24~30h HEJE
Hrh o KE<3%. A T IRFFEE A 8085 1
PE, B2 S I RS Al B IR Ao B
ERK 160~180 H kAR H -

2.2 BEREBURRIE&

HERFRE 1 g Z2 A MR T8, ' 40 mL i
P, N 18 mL 6.0 mol/L pH 10.0 Z-Fis 1R 4%
GerPisl, BiAT o ARSI ] o 1 S O A
th, R AT 200 W, $REGEE 20~35 °C, #
IUFIE] 8 15 min (R4 R HEAT B A 2 0 o B 75 45
Ji» K (1200~1 800 r/min) &§.L» 5 min; Y& E
THR,  TRONAH DY - g /N . DL B SEge A
4, IR R .

2.3 IGF-1 FIEARKRMS

K HIBUR o i (RIAD U0 R HE kR g v 4
W) IGF-1,

X H Bradford vAll € JE HE ISR AR P ISR A
R, DA I (R R, 7R 595 nm Ak
ME BB (4D fH. PRSI (V) X
M A& AR IE (X0 B TLMERDA, 53R
TR Y=0.001 1 X+0.036 9, R*=0.997 9.,

2.4 IGF-1 MBERENBLZ &ML

KH SCM MUk IE R SE, FIH PES RIS
PES 6, H S AN 77 ie . K07, pHH. IR
FhR L IHUEEER A . IGF-1 HE AR
(AR R I IR 52 B 50 mL A SR
HBUEREE, g N TR B R AR, TR
TR IGF-1. & A R ALE L

R B = BT AR/ (B T > R I )

IGF-1. & [ R IR = i IGF-1 sk A BN & /
FE S IGE-1 80 (R K&

IGF-1. 8 [ OE i 26 = i R yh IGF-1 Bk A i /
FE S IGE-1 8UE (R K&

241 FEAHR 1SR IE AR ) A
AR 3 i AN o 8 8 () AR FE AR L 12 7
AR, LREF MRS 3, DA I3 B 1) 4k B AH A 23
TR IERR T EIE T2k, AR EEN., A
SEEGAERS I pH (E N 10, HPEEJ) 0.3 MPa, #4545
FEEISAT TS, 326 FAS [RI4 REAE S 21 o 2 1 DB B
HATEDE. Jrf, PES JBE R AN 2> 1t 4 000,
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Fig. 1 Effect of CORMW on membrane permeation flux
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Table 1 Effect of CORMW on recovery rate and

transmission rate of IGF-1 and protein

LR 248 T oA B [ENER /% EHE /%
AN 437 o i IGF-1 EAM IGF-1 EAM
PES fii 4000 3124 6103 0 0
10000 27.94 5532 832 627
MPEPES R 5000 3238 9656 0 0

10000 26.89  88.09 5.43 6.33

et PES 5 IGF-1 [RI M 32.38% 421 26.89%;
B URIDECR N 96.56% %3] 88.09%. 1k 7 AH X
Oy ¥ RS H] 10 000, 2 B IGF-1 FlEE (5]
WCR AR IR, HLARF 4 IGF-1 18R (A & i
R, A 3RA35 s ) IGF-1 AR (1 5 In e,
1%EH% PES I 4 000 A1 PES K 5 000 4 ki B 1)
R AR 2 o
242 RIS AE K B pH EHoA
10, PES AR FAHX 70 1 5iE: 4 000, Mk PES i
AN 73 7R 5 000, W45 5 f5I041E R %458
JEJE A 0.1, 0.2, 0.3 MPa N i@ & . IGF-1 f1
W UR IR RS 2R 5 m, 4558 LK 2 FI5E 2.
He 3 AR A B HES)) g, X IEE & 1) R/ 2
YoEtEER, A2 nTCUE Y, BEA R D8 I ] [ 4E
K, JBESEW TR, AR Y B 2 N, B
W& T e . EIERJIMN 0.1 MPa B4 K% 0.3
MPa, JEIE R, RIS TR 405, (H 0 & 1) 5
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Fig. 2 Effect of pressure on membrane permeation flux



- 1260 - XX

Chinese Traditional and Herbal Drugs 2% 44 % 35 103 201345 A

F2 EAXMBERGRT IGF-1. EEREIKE
B P R R F0
Table 2 Effect of pressure on recovery rate and
transmission rate of IGF-1 and protein

in ultrafiltration concentrated solution

K20 EE /% FEE /%
JRAhE

MPa  IGF-1 #E[A IGF-1 AR

PES Jii 0.1 3067 6854 0 0

02 3248  60.03 0 0

03 3124 61.03 0 0

MMEPES B 0.1 3626 96.13 0 0

02 3468 9474 0 0

03 3238 96.56 0 0

Wesh, EAFRIBCRI 68.54% FEE] 61.03%, %
W ASEIR K. IESIM 0.1 MPa #9°K%] 0.3 MPa, i§
£ PES i IGF-1 [FIW 3 M 36.26% I K3 32.38%,
A FRCRAE 94.74%~96.56% 15, SEMAS ]
o 76 3 NEJIEYCN, iE I T B AR H IGF-1
FVEE )7

Ly KRR K IGF-1 FIAR 115 B0 % %
R, PR 0.3 MPa /5 438 B HIHERAE K 7.
2.4.3 pH {EXPHEIEMRSE M 76 PES kB AH
X} 4y F R 4 000, 2Pt PES AR B AR 4 1 i
5 000, 5 0.3 MPa, 45 f5M4F %% pH
fH 4. 6. 8. 12 XHEE . IGF-1 AR kAR
LB R 5, 25500 3 fgk 3,

pH {EL A 52 M B (T AR FAE o5 B s
P ROR A 00, S M I . AT 3 HTLLE
B A R DRI () R A, B R R, MR T K
B EY, B G T e . MW pH ERKIK
h 8~4, B R T T, MG,
WA B S A5 B R R AT [ AE K o B Y pH (A
12, MSOE & R E GO, ENBE IR, k4
) JEUA% B 8 B T R K

TR pH A %5 8, PES A1 0P PES Ji% IGF-1
(SR HRIA B AR, X FEEE T IGF-1 55
KM 8.2, MbTAEHL NI, IGF-1 Hytieht. 4kst
e Y pH (H % 4, IGF-1 [RICRBE K, H PES
JIES IGF-1 [RIfic a8k #1) 37.21%, it PES i IGF-1
[ 21 K2 39.05%; iy pH 2 12, IGF-1
[ % 0 1k, Hidh PES 5 IGF-1 [Rlfie 22 16 K 3]
68.32%, Pt PES i IGF-1 MR 3 K 5] 57.17%.
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Fig. 3 Effect of pH value on membrane permeation flux
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Table 3 Effect of pH value on recovery rate and
transmission rate of IGF-1 and protein

in ultrafiltration concentrated solution

, [l /% B /%
JEFP S pH
IGF-1 #HEHAR IGF-1 &AM
PES Ji& 4 3721 1889 0 0
6 2991 5010 0 0
8 1608 5051 0 0
10 3123 6103 0 0
12 6832 6920  8.67 6.28
ek PES fik 4 3905 2642 0 0
6 2725 4388 0 0
8§ 2182 5273 0 0
10 3238 9656 0 0

12 5717 87.43 5.25 3.33

PR PR B, 2 1 DT (R SCREBAEG, InR 1A 1Y pHL {22 4,
PES M4 [ 5 [ %08 2 18.89%, et PES Jii
T A RICR TN F 26.42%. I0BET pH 2 12,
2 i S RICR AR AN R AR] [F], PES JBEEE
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JRESCR B R H] 69.20%, ok PES JE ()5 Hlig
FIRNE 87.43%, 2 PHEHA /D F IGF-1 FldE A )i
B3 L H

pH {HA 12 B, M f e, IR ARG, X
FEE TS N B A, SR A
fif (ML P ER 0T, TS R S e A
o, PRS2 B 1 s ety AR R

LEdy 2 R M B N IGF-1 AR (1 T i % %
R, pHH 12 A& H K pH {H.

gi b, R B IEH AW 1IGF-1 Wit T 24
1 AR B AIXT 2 1 JF & PES 24 4 000, 2tk PES

JE 5 0005 JE 774 0.3 MPa; pH {E A 12, 7EM4
K, PES i IGF-1 Rl Zik 3] 68.32%, 4t 1 it|H]
WCRIEE] 69.20%; Mk PES i IGF-1 [HlCRIAF
57.17%, HEEFPIERILE] 87.43%.

244 BETEEAMRUE i s R 2R 5 ik
PR BTN, BT T e T E AR,
SR 4. v, femi4&IET, PES I IGF-1
A A B~ R 23 30k 68.35% A1 69.55%,
RSD 435k 0.97%%1 0.84%. ek PES i IGF-1 #1l
WA R 43 0 R 57.49% 1 87.70%, RSD
I35 1.08%F1 0.39%.

F4 BEREN S IGF-1 RESFRIEIERTE

Table 4 Verification of ultrafiltration process for separating IGF-1 under optimum conditions

W WD TR pHML Iy IMPa R 1% RSD/%
IGF-1 Ed=Pii IGF-1 Ed=Pii
PES fii 4 000 12 0.3 68.35 69.55 0.97 0.84
2 PES i 5000 12 0.3 57.49 87.70 1.08 0.39
2.4.5 PES JEAIE PES A ELE: i bR 2 R iR 24 h VN IE TS U4
X Lbscse vl %0, UL IGF-1 %5 %4abs, — Mol 3 4R

~, 2k PES L PES (W [RIISCRAR Y s DAER (AR
HFEEERNR, S PES BREIIISCEI] S PES
o Rk, #FHAOCHIRAE R IGF-1 [, h$
Wi BRI PES BRI AT s 5 AR & Bl H, 75
TEPEAN A S i (1 P PES fi .

2.4.6 HUEBINE LR S Sy g AT
0.4% NaOH ¥ T3 st 1 h, 7E 0.4%
NaOH-0.1% NaClO % T uEM e 1 h, 18
0.4% NaOH ¥ 1 24 h, £ 0.4% NaOH-0.1%
NaClO ¥ R 24 h (FIEVEE &L, g5 R 5,
ABVENEAE 0.4% NaOH-0.1% NaClO % il 24
h, PES /Kl HE KR KA E] 98.65%, it PES i
KRR E R IEH 93.75%, MHE BT ek E .
R, PR UEEAE 0.4% NaOH-0.1% NaClO

x5 BIERRFRAEER

Table 5 Cleaning methods of ultrafiltration membrane

KEREWE R %

NERYWARES
PES Ji£ itk PES i
0.4% NaOH '3t 1 h 57.50 56.25
0.4% NaOH-0.1% NaClO #% 1h ~ 71.35 86.46
0.4% NaOH 21 24 h 90.00 83.33
0.4% NaOH-0.1% NaClO ¥&i1 24 h  98.65 93.75

KB A H R, PR B A0 4 T
PES i 4 000, 1k PES fi 5 000, J&J7 0.3 MPa,
pH {12 e 2 il B9k 44 7> 25 IGF-1 [H H 14,
N JEEFE IR I A BLTF R SR g B A . % T2
AP, FasE, 1930 IGF-1 8 A B e 8
RSN D) T vk, HAT Tk A = N A .
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