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Establishment of Bacterial Endotoxin Test Method for Verapamil Hydrochloride (for Injection)
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(Guangxi Institute for Food and Drug Control ,Nanning,Guangxi,China  530021)
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Abstract: Objective To establish a bacterial endotoxin test method for Verapamil Hydrochloride (for Injection). Methods According
to the bacterial endotoxin test in the general rules 1143 and the application guiding principle of bacterial endotoxin test in the
Guiding Principle 9251 of the Chinese Pharmacopoeia (2020 Edition, Volume IV ), interference tests were carried out for the
bacterial endotoxin test in three batches of samples by the gel — clot assay, kinetic — turbidimetric assay, kinetic — chromogenic
assay to determine the noninterference concentration, and the bacterial endotoxin test was carried out for Verapamil Hydrochloride
(for Injection). Results The interference could be removed when diluted 40 times by the gel — clot assay. The recovery rate of
bacterial endotoxin diluted 400 times by the kinetic — turbidimetric assay was in the range of 122.15% - 141.76%,and the recovery
rate of bacterial endotoxin diluted 400 times by the kinetic — chromogenic assay was in the range of 83.25% - 95.02%. The bacterial
endotoxin test results of three batches of samples were in line with the requirements. Conclusion Gel - clot assay, kinetic —

turbidimetric assay,kinetic — chromogenic assay can be used for the bacterial endotoxin test of Verapamil Hydrochloride (for Injection).

Key words: Verapamil Hydrochloride (for Injection) ; bacterial endotoxins;gel — clot assay;kinetic — turbidimetric assay; kinetic —

chromogenic assay;interference test
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VORTEX - 5 #Jig s 1R A # (i 1] it HAR DLR A%
HIE A PR 7)) s Multiskan ET BUEEAR X CGE RN FER L
H, J&E Thermo Fisher 23w ) ; XRS304 H4 Hi, - 43 Hr K
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(KTA TAL, #it 5 & 23060184, 7 | Py 7 2% i Bl N
0.01~ 10 EU/ mL, A& 83 1.7 mL) , 40 H JE ] 44
R A VR By A R 23 7 5 32 2 £k 1R (KCA
TAL, VL% B W A WA FR A | L it 2302070, 7] il
INFEZE TN 0. 005 ~ 50 EU / mL, ¥iA% R4 1. 25 mL) ;
#ARF) 2(TAL - 2,465 42209131, REUF 4 0. 5EU/ mL,
A RS20, 1 mL) 4 B N 5 R F A 7K (BET K,
Ity 2208050, BLAE S B 50 mL) , ¥4 [ VL
T ABR A F]
2 HEEHR-T
2.1 HiXRARNSERE(L)HE

N L = KM S, 3R 4 ip ok (a5
FH) R A 7= 0 S 500 9 5ok i K = 5 EU / (kg+h);
M R N BT S A 5 A /NS ) i R A 0 e, AR
AT 4 60 kg THAAC, MR i £8 R A i A K VR S V24 U
W1 WK S — AR G ) 2 R 5 ~ 10 mg, B RS IS 2218
DK 1 R 220 2 min, Q00 BRI R 45T R i
15 ~ 30 min J5 FHK A2 5 ~ 10 mg, W) £ R 4k Fi7 b K 1
SR} N i) e K B 4R 20 mg i, B M =20/ 60 =
0.333 mg/ (kg-h) ERFRAERLMIK (S ) 1 N B R B
fHML=5/0.333=15.02 EU/ mg. i FA M EEZY H
FHF SR, s A N 5 R & i, 2% 2020 4F
i ] 24 (38 ) ) e T 4 0 K Y SV AN R N 7
EIIRIE 7.5 EU / mg, BUE HNFERIRE N 5 1 mgih
FRAERoK S N EER N /N T4 EUT
2.2 EBEGE
2.2.1 ERARBEEZRE

TAL - 1HITAL - 2[R R (D)0, SEU/ mL,
W 40 T N B R TAE bR UE G BET FH K #f I B Al
We B398 1 EU/mL(2.04).0.5 EU/mL(1.0A) .
0.25 EU/mL(0.51).0.125 EU/ mL(0. 25 A) B ,
PR PR T RARE AT, 3 DX IR (NC) o4
2T AR (550008 2209131, 22121049) R
BB A 2 (E I TE 1.0 A ~ 2. 0 AJEFE N, 5 S L8 ik
PIbR/S RAELE 0.5 EU/ mL N H RS L1,

®1 ERFRWESHRBER
Tab.1 Results of test for confirmation of the sensitivity of

tachypiens amebocyte lysate

2.2.2 THFRE

ERRRAERIAA e M BRI FEE I MVC ,C = A [ L,
W HBERS B % g A — B 0.5,0.25,0. 125,0. 06,
0.03 EU/ mL,#% L = 4 EU / mg i3, AR 5 7E 40 B
B 2R A B 9 T VK 43 51 R 0. 125, 0. 062, 0. 031,
0.015,0.007 5 mg/ mL. ¥ £l R 0.5 EU/ mL
1) 2 R A T T PR A

KL RATHAREE R 0. 007 5 ~0. 125 mg/ mL
e PR AT WK 5 o B BET FH KK 3 4L (HIt 5 40 3 R
VPMF210001, VPMF210002, VPMF210003 ) £ & 43 51 it
il J 22 2 Tk B )R VRS U, R MR T R T TR A
0. 1 mL, 0. 1 mL %1200 K 1 22 51 vk i v b a2 oA 1
R (NPC ZR A1) 5 R R AR S 0. 1 mL 435
S AT BN R G B R R AR, RS R
) R A RO AR 2 M VREE T N B R PR
PPC Z 41 . [A] Bof 15 ‘& BH P4 X BE A (PC) AT BH 4 X B A
(NC) , £ VAT 245 , W45 8 I BRI S o 235 4L 3 HEAE i
TR VA B J5 R W BEAE 0. 007 5 ~ 0. 125 mg / mLyG N,
RS S s T 40 135 K LA LB TPl VR FH o TR L 2.

F2 FREBRERKGESR)REETHRBRIEER
Tab.2 Results of the interference pre — test of Verapamil Hydro-

chloride (for Injection) by the gel — clot assay

. RESKERRETRE

B Wi AR o
#5  1EU/mL 0.5EU/mL 0.25EU/mL 0.125EU/mL

(EU/mL)
2209131 ++++ 44+ -——— . - 0.5
22121049 ++++ 44+ -———- —— - 0.5
Eeo+ APPSR, - AMKBER E2ER4F,
Note: + refers to a positive reaction, and — refers to a negative

reaction (for Tab. 1 — 4).

4

32 BHME  RSlER 025 0.0 0.031 0.015 0.0075 PCNC
mg/mL mg/ml mg/ml mg/ml mg/mL
2009131 VPMF210001  NPC -- -- -- -- --
PPC +t +t ++ +4 +4
VPMF210002  NPC -- -- -- -- --
PPC +t ++ ++ +4 +4 T
VPMF210003  NPC -- -- -- -- --
PPC +4 +t + +4 ++
0121049 - VPMF210001  NPC -- -- -- -- --
PPC +t +t ++ +4 +4
VPMF210002  NPC -- -- -- -- --
PPC +t +t ++ +4 +4 T
VPMF210003  NPC -- -- -- -- --
PPC +t ++ ++ +4 +4

2.2.3 FTHEE

PEPE T e M 0. 125 mg / mL B9 HER oK A,
AR 24 a5 (A #1280, 5 EU/ mL) #4171
PRI o W3 HEER B 4R ir ok (5D L 430 F BET J
IR R B 0. 125 mg / mL, F BET F /K 1 5 & ¢ B
0. 125 mg / mL A9 HE G K I WK 4 TR N 8 R T AR AR IR
SRR 2. 0 A 1.0 A.0. 5 1 .0. 25 A 4 Fh¥e B /9 BET JH
K ZR 5] 40 AT PN 25 2% U TR At ot A B A TR N R
W TE0. 1 mL TALKIEW P INA 0. 1 mL/KAE A NCH,
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75 0.1 mL TAL /K % W i A 0.1 mL BT & ik B o
0. 125 mg / mL f B S KA NPC AR, 15 2020 4F
FRrT ] 245 S (U ) 3 ) 1143 350 B8 e ik T4t 1t
A5, Forh E R E 93500 0 22 5\ bR eI U R il 2 2%
R PE B LA BE SRS E N EJAE0. 54 ~2.0 A
T, R WILE 0. 125 mg / mL R B E T, 3HLRE A
YRS ION 24T R GR e THeVE A BEIRC 2 T
THNEER G EAA TEIWES,

x3 HBERMAXGESA)RERENR 0. 125 mg / mL i

BRE TSR

Tab.3 Results of the interference test of Verapamil Hydrochlo-

ride (for Injection) with 0.125 mg / mL by the gel — clot assay

SR B[] SR 7 200 s, BB 10 s Kz 405 nm 3% 4 Ab 79
W WS RE o 21 BT o A g s I B ] A R S A TN (1]
(7 200 s ) F S 45 B N o K 4 B 1 A7 2 [l 43
B A 7K 1T = - 0.176 8 1gC + 2. 903 0, A% £
(r) =-0.997 9(ZEXHE KT 0. 98) , FATE W] 1Y 42 55
REHN0.70% ~ 1. 76% (/N T 10%) , K WA N # R
B 28R L 5 .
5 PEHEEITEHETEEIFTER (n=3)
Tab.5 Results of the reliability analysis for the standard curve

of the kinetic — turbidimetric assay (n = 3)

&R P 34 B B 1) (s) Tt A4 (%)
0.01 EU/mL 1749.7 1.76
0.1 EU/mL 1245.0 0.48
1 EU/mL 818.7 0.51
10 EU / mL 518.0 0.70

N GELETE 3
BaRE — NCONPC
Fiag [EU/mL 0.5EU/mL 0.25EU/mL 0.125EU/mL (EU/mL)
nwE A FHEE bt - ---- == == [=05
VRMFI001  +44+  #44+  ====  —=== == = F=(5
VRMFIO002  +44+  #44+ mm-= mmem == -= F=(S
VR0 444+ 444+ === ==== == == =05
NI K tHEt tHtt ---- ---- == == E=05
VPME210001  ++++ 4444 ---- === == == E=05
VPMF210002  +++4  +4++4 ---- ---- == -- [=05
VRMF2I003  #44+  #44+  =--= =mm= == = F=(S
2,204 HRHAENEERE
$5 2020 AF i € 1 2 8L (U ) ) ) 1143 20 1

N B R A AT L T A BEIE I R LA 3 AR AR R Ao
W9 0. 125 mg / mL, FFREFE LR 24 R R UL N
0.5 EU / mL AR PEA T2 R N RER AL 25 R 34 ER R AE
PR TESSFD A N RER KA LRI A% TR IR 4.
®4 BRELABREELER
Tab.4 Results of the gel — clot assay

CRE i By A5 ¥m% PPC PC NC
2209131 VPMF210001 -- T ——
VPMF210002 - - ++ ++ -—
VPMF210003 -- 4+ ++ —-
22121049 VPMF210001 -- N
VPMF210002 -- ++ o+ —-
VPMF210003 -- 4+ ++ —-

2.3 EHEMEE
2.3.1 L ELE T EMELN

JH BET FIZK % it 40 08 N 5 R TAREARHES , T B
RAH E 43R 10,1,0.1,0. 01 EU / mL B H N R
B UEVES WL, 43 ) B 4 AV B 9 b E V5 9 S BET FH 7K (BH
PEXTREES W) 45 0. 1 mL, 43I A S SE N4 0. 1 mL 32
TR A R I R B T A A B AR {2 T Multiskan
ET W5 o b 03 W B A Wk B P47 3 00, BT X IR A7
2453 I SE S5 IREE N (37 £ 0. 5)°CL R K 405 nm,

2.3.2 R &R AHBEEE(MVD)#

AKX MVD = cL | ATHE A, ¢ A BE B AL 1Y
WIS R (5 mg / mL) |, L3RR AR AR TT 40 B N
B FEBRAE (4 EU/ mg) , A R a5 R U (bR il 2 40
HNFEZRARHE N 0.01 EU/mL) , M MVD =5 x 4/
0.01 =2 0001%.

2.3.3 HT#HiRE

HRPEFRAE RN 2R 555 0. 1 EU / mLAE N 52 I i fh 2%
TSN EE R () JAREUIE S i VPMF210001 1FF
i 0. 05 g, BET FH/K 10 mL A i SR 0 S mg / mL
IV VR, B BET FH /KK b 3 75 V0 B 28 o i Wk 3 4
S 0.125,0. 012 5,0. 002 5 mg / mL( B3 A5 B 4015
400 fi5 .2 000475 ),/ Atk i i R (A R 5 [R) B ol 4 55
0.1 EU/ mL PN 3 2 19 b R A [R) 4 B L ] 0 L it %
W, AE S S PH P X IR (B YR, A R L 481 i
B2 AATAE o oR 20 A R AT T 4R S
0. 1 mL_EIREVEAN0. 1 mL &5 sl A R vL %3870 4
S BE I A v TR AT A AR A AT
Multiskan ET %€ o 715 3% 050 45 040 T /9 [ iic= , [l
F(%) = (C.~C)IA,*x100%, 3, C L5 A i)
NEER O, C O SN R M HE S A N
RO, A, N0, 1 EU/ mLo B8 ALK R B RO 4015
400 15 .2 000 5, H 1S3 43 1] 4y 69. 22%,98. 97%,
130. 44% (2020 45 hig  H [ 25 3 (U ) ) 225K 2y 50% ~
200%) , 2 BHERFRAERLNAK (FE S ) 78 AR BEATEIGT Bl Y
TR o SRR 400 50T, [mIISCRAEUT 100%,
s il VA DR SR B 400 F5E TR0 TR L 6
2.3.4 FTHEBREHEPFAFTAEZZLEN T

R I AR A AR AE TR 2R W52, J3 ik (it
43 515 VPMF210001, VPMF210002, VPMF210003 ) #¥:

75
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x6 HEMEEFTMHABER
Tab. 6 Results of the interference pre — test of the kinetic —

turbidimetric assay

®8 HTEBEEREHEZTEMHKLBRER(n=3)
Tab.8 Results of the reliability analysis for the standard curve

of the kinetic — chromogenic assay (n = 3)

BB BEARERA(ng/nl) C(EU/nL) C(EU/ml) EMkE(%) A@AEEAE(EU/mg) M AR R 34 R B 1A (s ) EFEH(%)

0 0.15 0.00479  0.07%401  69.22 <0.080 0. 005 EU / mL 2514.0 6. 40

400k 0.0125 0.00508  0.10405  98.97 <0.800 0.05 EU /mL 1688.0 5.35

20004 0.0025 0.00447 013491 13044 <4.000 0.5EU/mL 902.3 1.23
5EU/mL 582.7 1.88

i, i BE 400 %, 4% 2. 3. 30 T Jr A #E TR, 1At
sty P TR PN 7 2R ) o B DSR4 2R 3 At R IR AT
K QST 1 IR E 50% ~ 200% 5 FE P9, ALt
YN R 2 i AN T E I BRAEL, AR ALE TR ILR 7,
x7 HBERMEXCGESR)SEREETHKRS
PENERRELR
Tab.7 Results of the interference test and the bacterial endotoxin
test of Verapamil Hydrochloride (for Injection) by the kinetic —

turbidimetric assay

BohE  RAER BB AERE C C EEC | m%%é\’%
(mg/mL) (EU/uwL)  (EU/ml) (%) (EU/mg
VPMF210001 4004 0.0125 0.00770  0.14947  141.76 <(.800
VPMF210002 4004 0.0125 0.00743  0.12958 12215 <(.800
VPMF210003 4004 0.0125 0.00745  0.13393  126.48 <(. 800

2.4 HEBEE
2.4.1 A% MVD # &

AKX MYD =L/ A, e M BeE AR 1
WIHE e (5 mg / mL) , L g ERBR4EH A K (151 )
PUIT 40 N 75 K FRAE (4 EU/ mg) , A &R 57 R UE
(7 i1 28 200 T PN B 25 B (IR S 0. 005 EU / mL) , U
MVD =5%4/0.005 =4 0001% .

2.4.2 i LELE T EMON

JH BET T 7K %5 fife 2 8 P4 35 R TAEBR Al , 176 B
R BE 4398 5,0.5,0. 05,0. 005 EU / mL A4 40 15 Y
BERBRUETSIR, 53 90 04 AR B2 B AR T Al i W & BET H
K PR BRI W) 4% 0. 1 mL, 23 BIIA TSI 0. 1 mL
S A 0k RN ) sy B P A A AR A AT
Multiskan ET I 52 o b HE 1A W B U BE AT 3 47, B X
WEOPAT 20y o ME 25 IR (37 £ 0.5)°CL AT K
} 405 nm, 5 i8] A 7 200 s, £EBE 10 s K 405 nm 3
e A F W AT FBE 224 B o R A A 2 i 1] o L S A
IFIE] (7 200 8) FMIAE RN B4 RS A T4 [mT )= 53
Mr a1 = -0.21771gC+2.9128,r=-0. 996 4
(L5 X {E KT 0.98) AT I 122 5 R E0H0 1. 88% ~
6. 40% (¥4 /NTF 10%) , 32 WA 20 B 9 25 22 A o 1l 26 BT
IS,

2.4.3 HF#HRE

HR Y5 o il Ze 15 1B 0, 45 0. 5 EU/ mLAE R

S 30 bR o ot Zerh SR N RE R R E (M) o FREUIHE S

76

VPMF210001 FJ4£ & 0. 05 g, it BET H7K 10 mL, 78534
Vo (5 A, i ) 1R 0T MR B R 5 mg / mL A VR,
BET /K 4 5 # B £ 0. 125,0. 012 5,0. 002 5 mg / mL
(B4 5 5 B 40 % 400 £% .2 000 £5) 1F Ry 414k i 78 T
(AW, AR #1455 0.5 EU / mL N2 £ A9 R A A 7
T L A5 0 A3t v MR Ay B3 i B % BRI (B
TR LA 2 AP AT R B B ek b AT i
PG FF 0. 1 mL BRI AN 1 5 2h A8 ok %
F0 53 A B kA I A v TR AT, R R ARG
1T Multiskan ET IR , 328 3315 DGR S IR (%) =
(C,-C) /A, x100%. X, CHBHK R ER P INEER
T, CONERENER AR NER T ®E A,
0.5 EU / mLo 25 S50 5 B2 40 7% L4005 .2 000 £
IF, % 59, 59% ~ 112. 17% (2020 4E g ([ 25
HiL(PUFR ) YEE SR H 50% ~ 200% ) , 7 WA Eh B 4Ehrih >k (V7
D 78RR B A B Rl AN TP o 2 k3t 7
400 f5 R, B RAE T 100% , 505 785 8 (0 36 W B T
FE400 f5 A TIR5E FE WL 9,
®9 PEBEFEXFATFHRABER
Tab.9 Results of the interference pre — test of the kinetic —

chromogenic assay

P BEASAIRE  C C, EkE mENEELE
(mg/mL) (EU/mL) (EU/mL) (%) (EU/mg)
404 0.1250 0.00126 0.29919  59.59 <0.040
40045 0.0125 0.00125 0.48428  96.61 <0.400
20004 0.002 5 0.00142 0.56225 112.17 <2.000

244 THAEABEHESFAFRNFZLENE

A IAER IR e P A K (5 ) # B 400 15 1 A7 4%
P, 85 3 41 (3L 5 43 51 5 VPMEF210001, VPMF210002,
VPMF210003 ) ¥ i # BE 400 1% , #2 2. 4. 300 F 5 ik b4
I, T35 A v A0 T N BE R 0 A S DR AR
3L ER R AR R Ak (5 ) 1 RN 7E 50% ~ 200% i
BN, L LL/NT 4 EU / mg R HE b i, 3 HERE S 45 &
FLE LR 10,

3 itig
3.1 HEREZEHEERERNATNAERSE
BEER

ABIFFE P Bl A MU 2 M B 2 B 0 s A I 1K
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Tab. 10 Results of the interference test and the bacterial endotox-

in test of Verapamil Hydrochloride (for Injection) by the Kinetic —

chromogenic assay

P BRERERE  C ,C‘ BkE @inEi4E
(mg/mL)  (EU/mL) (EU/mL) (%) (EU/mg)
VPMF210001 4004 0.0125 0.00172 0.44642 88.94 <0.400
VPMF210002 4004 0.0125 0.00425 0.42052 83.25 <(.400
VPMF210003 4004 0.0125 0.00174 0.47682  95.02 <(.400

M N BE R S A2 R T R 2 Ry ik
) R0 000 D B AN — A 5l A ot R o A T e A A i )
FE R, A A R R A I € A Y 22/ T
B AR AR R T R A7 AN R T 07 s A AE T
25 AEAR SIS P B 3 Ak i ST R, R
sl YA VRSN 40 TR N B R R R T A ot e e IV
B, IR P B 3R B 1 A s o ot e R APk B S R T
DA 5 A AR 8, 15 XX EU / mg, 45 B2 36 m ha i
MENER &8 < XX EU/mg'8!,
3.2 BEKEISHEESNTEEELRE

S E NN 08 R o S 3 (N FOS L
FE MBS WA, SIS E RS A B AR E
B I S % o Y R T ks 8 R N 9 R s B Gk 9 L AR
AF 58 v 3 B0 77 1 T 3K ) 1) SR B0 AN TR < R e vk
0.5 EU/ mL g% 10], sh& 3 B2 0. 01 ~ 10 EU / mL
1 # R, 34 B A 0. 005 ~ 50 EU / mL (19 %85
BNASTEA W ) R WUE A TR R A 2
TR 25 (), XF 508 At FH R S 10 TC T HE R T4 A A it W
BT

TESEAT B3R 3 R0 77 325 19 T e il g6 e o Jie 2 A
4015 FTIEBR T, Shalh B2y AN 2h 248 i (A R 400 1
B9 [T IS 0T 10096 o B M 125 R B 0 2 2 1) AR 3
FEAECASTR], SCHk[ 9 T2 2 U 00 o it R R BE Sk 3 By
TN E 7 AN ] B 1 DA i 8 52 AR TE Ay B )
A SIS E N B R S E R RN, TP B [ AR
FE 77 A I Aok e v T A ol B A0 A 308 0 s I8 I A
FIHLE MR IR R E A S N R SR A R
ok I T 2R 5 PN 7 2R RO A A v A A [
R IR R 2 AT i B AR Ak, Pl 2 G AT A TR O B
FIPN R AR R) ) B OC Fok A N #E R

PR BT F T AR R A Rk (i 5 D A
N BE 2R R A  BEC AR 2D TR e /b, B A& R A A
ECENASTR R, 2 N R I 45 A G ), i) oR
e A A Rk o B AT, R B 2 0 07 R B
2 AHZ T FOR— Bl A I, A RE 0 B 40 B N B

R e AR, ok g h e 0 & o sh ApUE

BRI R AR mERIE, RHEHARENEGER

R0 T A S, ARSI 3 o P S B 52 B S 0, LA I g mT

PRAF XTI FE 0 0T (A i (Ao 2) B AT e 34, s A7

FI 24 i ) o g s i) 12 e Sl A B A XA ST

P Bk JE TV s i ot 3 0 2 14 PR 3R AN s i) e g 113 - 140, L

A ) RO T, ) AR RN R i, BB SRR

JE b A AR v N B R I A ZE SR DS A S N B AT

TE I A o] — B 5 i A T AR N B R R A

S E 3k
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