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Abstract Objective: To establish a recombinant C—factor method to detect the content of bacterial endotoxin in
recombinant type Il humanized collagen solution for injection. Methods: Three batches of injectable recombinant
type Il humanised collagen solutions were determinedand method validation by using the BIOMERIEUX recombinant
C—factor kit and the lonza recombinant C—factor kit, respectively. Results: The results showed that about the two
kits the concentration points of the standard curve were = 3, and the linear correlation coefficient was r > 0.980,

the ARFU value of the negative control was smaller than that of the lowest point of the standard curve; the bacterial
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endotoxin contents were all < 6 EU+mL™". The reproducibility was good, the recoveries of bacterial endotoxin were

in the range of 50%—-200%, which was in accordance with the standard requirements of the ChP. Conclusion: The

bacterial endotoxin content in the solution of recombinant type [l humanized collagen solution for injection is

determined by the two kits. The results were < 0.05 EU * mL™" and < 0.005 EU * mL™', which are in accordance

with the standard requirements for bacterial endotoxin in the product, respectively. The method can be used for the

determination of bacterial endotoxin content in the solution of recombinant type Il humanized collagen solution for

injection. This study provides a reference for the research related to the determination of endotoxin in recombinant

protein products using recombinant C—factor method.

Keywords: recombinant C—factor; recombinant type Il humanized collagen solution for injection; bacterial endotoxin;

recombinant collagen; limulus reagent
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SRR L W< 6 EU-mL" VKB (C)H 2 mg - mL™,
M2 B B S A T A R N B R R L TRk
3 EU-mg", M BRRE AL 5 R BE AR B 1 mg - mL™,
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2.1.2  BEECHE RS A BOEE A IR T e U
W, R i ENDONEXT i 57 & FIl Pyro Gene™
Recombinant Factor C &7 & %) RAGUE , HAENEER
Rt K G0 0%t RE A BE 22 20, 40,60 17511 200,
400, 600 1% , B — L g KFBEAG B0 10, B — D Fi ke
JE TR 2 min,

2.1.3 YA N TAERRE S RPN WA &
ENDONEXT a5l & N TAEAR e, 40 N 8 2R f
K2 500 EU - mL™, #0838 1 FEZ A6 B 7
BE 50.5.0.5.0.05 EU - mL™" T 4 2 oJ5ias .

H PyroGener"M Recombinant Factor C ikF &N TAE
FrifEdh , AN N B R KA KA 22 20 EU - mL™ 4%
MR HZEL M ER B E 5.0.5.0.05,0.005 EU - mL™
F 4 LA E
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Tab.1 Preparation of working standard series solutions

AMB N EE R TAEARER IR L

AR N RE R TAERRER I RN I

W& . . . YT B R R A K i . .
. ( concentration of bacterial endotoxin . . o (‘addition of endotoxin standards
(test kit ) o ( bacterial endotoxin test water addition ) /mL .
standards )/( EU * mL™") solution ) /mL

ENDONEXT 50 0.9 0.1(500 EU-mL™)
5 0.9 0.1(50 EU-mL™")
0.5 0.9 0.1(5EU-mL™")
0.05 0.9 0.1(0.5EU-mL™")

PyroCenevlvM Recombinant 5 0.75 0.25(20EU *mL™")

Factor C 0.5 0.9 0.1(5EU-mL™)
0.05 0.9 0.1(0.5EU-mL™)
0.005 0.9 0.1(0.05EU-mL™)

204 Y0l A R R FR IR R 2
11 il %, H: ¥ ENDONEXT i ] & il PyroGene™
Recombinant Factor C 43 7l 1% % 60 1% i & F1 600 15
R B B E R RS A, A A N B R IR

5 EU-mL™" 0.5 EU - mL™" 94t SIS W /E 0 2
5 B BUFE 1 A 45385 &0 7 0 41 B N 7 T AR A o
i RYNERAE R RS C, BN N B E A FHAKE R
5D,

®2 FHREAtmARE &

Tab.2 Preparation of test solution for interference test

AN P 2 2 VR

% AN N B R AR . A . . AT
. . . ('solution to which bacterial endotoxin
( number ) ( bacterial endotoxin concentration ) ( number of parallel samples )
has been added )
A I (none ) P R 2D 2T
(test solution ) (at least two parallels )
B P 2 A o R BRI TP R VR (B Am) P 2=/0 2 AT

( concentration at or near the midpoint of the standard

curve set as Am )

C F 3AVREE OREEFARS R )
( at least 3 concentrations and the lowest point set as A )
D REIN (none )

(test solution ) (at least two parallels )

TN R KA K BEANRSE 2 /D 2 A AT

( water for BET ) (at least two parallel per concentrations )
A TE N AR KA K 2 NEAT

( water for BET ) (at least two parallels )
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2.2.1 ENDONEXT {5 &  7Ea M alRefLom At
RS AT 100wl SR 5 PRI S5 A 20 L, I EHR
JEE ARG AE 37 °CF LA 450 r- min™" A58 2252
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150 pL, B8 1 min, . EEEVE 2 K.
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PRRE IR R R ) 0 Ab SO, 12 i RFUos
FEREARA T 37 CFIRE 90 min 5 B HLSOEEIC N
RFUgoo (UASSHORE : WUR I 380 nm, & ST K
445 nm ¥ 37 C.

#4522 log ( ARFU ) =log ( RFUgp-RFUo] 15, Ff
AR A 2 2R AR BRI it VR R B R B R A
- ARFU R EC AL BR 22 B SR T R AU S og
(ARFU ) =AlogC+B. M A et mIH 77 FEREE; B
G 1T 5 BRI C O AN T N BE R R s ARFU
FORNA FIOLEY 0 HPOCEMZE.
2.2.2  PyroGene™ Recombinant Factor C k7 & K4
R SEAT 30 min B AR AHGR B 2
FRL IR 5 2 401 I ILEITR S Fluorogenic Substrate |
rFC Assay Buffer, tFC Enzyme Solution, 54410 78 /1R
& UIIEmiR S .

R A5 B e MAFEFL TP IA 100 L AR

FEFLARER N 100 WL MR, AR A S 37 5
BSEHRERE ] 580 /N (95 I ATl RFUpe KA LI
TE 37 C £ 1 CHIBFHR L, I H 60 min J5 4T [A]
. 60 min FYZOEIEEEGC N RFUso K 380 nm /EH
ORI , 440 nm M TG IR 37 CHATIER

$it 5 2 log ( ARFU ) =log ( RFUg-RFU, ) 1145,
LM PR 24 3 T AR B SR VR O X B M4

Y ARFU PR DA bR 22 il it 2 PO 1t A7 2k 40
=3 log ( ARFU ) =AlogC+B.
2.3 ESERE
231 pRfEM TR BN R TAERRER
FHIC IR KRR R B 2R 9 R B A HEVA WL, 4 2.2 T3
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233 PR FRR “2.1.47 TR 5k AER I
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ENDONEXT F1 PyroGene™ Recombinant Factor
C 2 a0 o s v oty 2 ] a0 2 i 1m0 45 24 an
K1 T, I 45 50 36 3, 45 5 R 2 Mk & B
P BRI DA AR T R e i A, 2k
R FREII > 0.980, B G M RSD B/NT 3%, drifiih
2R ] PRI 25 AR E
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Tab.3 Results of standard curve reliability test

e Pk i 2k M BIMERIRTOLE A AR PO
(test kit) ('standard curve ) r RSD (linear range )/ ( negative control ) (lowest point of the
log ( ARFU ) =AlogC+B EU-mL™ /RFU standard curve ) /RFU
ENDONEXT Y=0.801 9X+4.374 1 0.997 1 0.54 0.05~50 2619 3431
Y=0.777 2X+4.393 3 0.997 0 1723 3607
Y=0.759 2X+4.536 3 0.992 4 2351 4364
PyroGene™ Recombinant Y=1.071 4X+5.438 1 0.9973 0.61 0.005~5 19 378 22183
Factor C ¥=1.032 6X+5.451 1 0.9913 19 183 29 092
Y=1.051 3X+5.502 4 0.994 5 18732 31137
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Yot 5 FH B2 T A VR A e SR 2R 1 R T AL

TR RS TR R R v [ ISR 2 i 4t v U B I B 0
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Tab.4 Preliminary screening test results

- PERAERA AR EE R A AR
i wee VIR .
vy _+ [.I (‘addition of endotoxin e ;g ) e .EE ) [ i %
. (sample batch ~ ( dilution . (endotoxin (' endotoxin content of test solutions
(test kit ) . concentration )/ ) . . (recovery ) /%
number ) multiple ) o content of test  containing standard endotoxin )/
(EU-mL™") . -1
solutions (EU+-mL™")

ENDONEXT 20201002 20 5 N/A 4.0 80.2
40 5 N/A 34 68.8
60 5 N/A 6.2 124.2
PyroGene™ Recombinant 20201002 200 0.5 N/A 0.19 38.4
Factor C 400 0.5 N/A 0.24 474
600 0.5 N/A 0.35 70.0

33 AR
%] ENDONEXT 1 PyroGeneTM Recombinant Factor
C 2 MR & BT 3 IEE M E , g 255 L3

5. g5 REMET PR G R, 2 FHH & gl
NEE 2 I ISR ITE 509%~200% , 18I S2 0 4548 T it
R ERAAETIAEH

x5 THRARER

Tab.5 Interference test results

AN ZURE

Fr bR N RE R A A b

PN TR

e o 22 o I A
WA ( sanj:ﬁz)atch ?ﬁfljz:f ( addstion of endstoxin it ( end()t()xif ii:fo?tit solutions SRS
(test kit ) . concentration )/ (‘endotoxin content o ) (recovery ) /%
number ) multiple ) (EU - mL-) of test solutions ) contalnlng( j;élijn(lari (lsr;dotoxm )/
‘T m
ENDONEXT 20201002 60 5 N/A 7.88 157.6
N/A 6.97 139.5
N/A 6.22 124.2
20201003 60 5 N/A 6.34 126.7
N/A 4.51 90.1
N/A 6.86 136.8
20201101 60 5 N/A 6.84 136.8
N/A 4.74 94.9
N/A 7.12 142.3
PyroGene™ 20201002 600 0.5 N/A 0.45 90.6
Recombinant N/A 0.35 70.0
Factor C N/A 0.45 89.3
20201003 600 0.5 N/A 0.36 71.0
N/A 0.32 63.6
N/A 0.31 61.5
20201101 600 0.5 N/A 0.52 105.2
N/A 0.33 66.7
N/A 0.38 75.3

3.4 FEIESS
6 % 28 25 I % I ENDONEXT Fil PyroGene™

AL HREL

Recombinant Factor C 2 MG & 256011, bR £k 1)
e BE 5 = 345 B X BEAEL Y ARFU 241 F H o il
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KA HY ARFU; 264 AH G R %K Il > 0.980; 2l 141
PR Z NRTE 509%~200% , 2 MAH £ A bn v th 22
Al SEEIRIS A0 0 LA K T 45 A 2020 4F
s e N R [ 245 81 ) 240 TR PN 75 2 A A T B IR A
W, TSR FHZ AR AYIX 2 P ) S v S A B 2R T
TN\ VEA A SR P TR 60 175 B AT 600 fE5 AR B 1Y)
M N IATHE N R A . BRI 3 kAR
a2 A N B AT 3 R A I I, 0 4 SR L
6. LERFW, TEZIREEE T, Stk 5% b e
A FATE TN B R & e LIS B AR S0
JUT A5 18 200 TR PN 28 G T 285 SRR 000 s 37 s oA
2 YA S ( ENDONEXT F1 PyroGene™ Recombinant
Factor C A5 1 M1 22 (1) F Al 5243118 < 0.05 EU - mL™!
< 0.005 EU - mL™"), £ G- fb ik i 20 B8 P4 35 R b
FR (< 6EU-mL™"),

F6 fHXmielLER

Tab. 6 Test results of the sample

e fit5 ﬁgﬁ—fﬁ& [oallEAES
(test kit) ('sample batch ( dlll.ltl()n (test resul} )/
number ) multiple ) (EU-mL™")
ENDONEXT 20201002 60 < 0.05
< 0.05
< 0.05
20201003 60 < 0.05
< 0.05
< 0.05
20201101 60 < 0.05
< 0.05
< 0.05
PyroGene™ 20201002 600 < 0.005
Recombinant < 0.005
Factor C < 0.005
20201003 600 < 0.005
< 0.005
< 0.005
20201101 600 < 0.005
< 0.005
< 0.005

4 itHit5418
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B APTTHERE S AR, AESE PR v, B K A
Bt SRR AR 2 dn IR R URE AT R 5 TER)
i 45 ENDONEXT 2057 & 7E 20,40, 60 1YFREAS
BT [FISCRITE 509%~200%, PyroGener"M Recombinant
Factor C IR E7E 200, 400 f51FEBEATECT BRI
T 50%, 600 1 B9 F BEA% BT MR AE 50%~200%,
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