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Establishment of a bioassay for follicle stimulating hormone
titer in vitro based on human ovarian granulosa cells KGN
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[ Abstract] Objective: To establish a method of stimulating human ovarian granulosa cells KGN to secrete
progesterone ( PG) by human menopausal gonadotropin ( HMG) , based on the mechanism of estrogen stimulating
the production of progesterone in ovarian granulosa cells in mammalian, to evaluate the titer of follicle-stimulating
hormone (FSH), the active component of HMG. Methods: KGN cells were stimulated with different concentrations
of HMG solution, the content of PG in the secreted supernatant was detected, and the biological activity assay of
FSH in vitro was established. According to the 9101 analysis method verification and 9401 biological products
bioactivity/potency determination method verification guiding principles in the General Rules of the fourth part of
Chinese Pharmacopoeia, the established method was validated in terms of specificity, precision and durability. The
national standard of HMG was used as the benchmark to detect the potency of HMG international standard and
preparation ( qualified and unqualified). Results; Different concentrations of HMG displayed effect on KGN cells
in a time- and dose-dependent manner. Conclusion: The specificity, precision and durability of the method meet

the requirements of the General Principles of the fourth part of Chinese Pharmacopoeia. Based on HMG national
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standard, the titers of HMG international standard and HMG for injection can be effectively determined, with

consistent results with the pharmacopoeia method.
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progesterone ; method validation
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il (A5 :96/602 , BiLA% 189 TU - 3% ") Iy [ 9% [ [
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0.5 TU R, B S A 135 0 975 W 1) A 6 28040 7K
SE4Y 5 64% ,80% ,100% ,125% F1 156% , £ XF %k
RE FRE¥AEFE, Bk “5.17,%5.27 Al
“5. 37 HEAT AR, 45 R F MR RO

[l 3 = SR I L/ BRI A x 100%

A (1)

7 KGN-PG FiEMNH

ST VMY Pr g 57 5 ik i I8 R %, 43 i LA HMG
(NS)FEbr e, XF HMG (1S) F il 75 2E 47 1 2 A0 il
FE o XF HMG (IS) (4 ks il , F i e 1 WL 77 94 %5, 27
XF3 AT 53 HEAE K H B T 80 C il /KIB 6 h,
] B 1 UK % PR R o, R G R IR k5. 27 G
B IRE o3 A (b AR N R 3R R [ 24 ) 2015
AER DY 1216 51 36 0 8 2 AR A vk
KGN-PG 3L HATRAN W 2 , T PEM AR N A 4518 1Y



— b, AR M E S & EER

FEXEE 43 8 i = SCBR I A2 (/AR R {H x 100%

K (2)

8 FSH Zy 84 ¥l zE ik

Z MR A N R E 25 30) 2015 bz 3 1 4
FHRAR A 2 5 0T 2 0 g 3 3 0 1216
B 96 R0 9 2% A A P s Y R 1431 AW Gt ik
Hh RN T AT R SE R SR AT BS 2000 # 1R
BAYRAN B iR 2E (RS 2L ) . 7T
S D 56 7 38 e FSH A= 9 0 2 2% 19 T PR %R FL%
(fiducial limit, FL) A8 KT 45% , U E B N N AR 7
) 76% ~135% .
9 HZitAHE

i GenS BAFHEAT U S 8015, i/ Graphpad
prism 8.0.2 #Ef72: &l A Excel #F175085 1155, £k
Pl x 5 Fon,

& R

1 FAEEX
1.1 ZEKES A BRXR

Feulon & A PG AREM IR 1 25 B 2= 10 4>
PR BE P MR T ¥ “5.17 5. 27 M1 “5. 3" E 405 nm
A WO REfE, —F R WA 1. B PG &

1.5r

A405nm

) \el
R

AN R R

TRk Epg-mL
E1 @@W(&EE A405nmﬁé"]3\é§\(n:4)

1.2 mE&EESFERBE

AN BE 9 HMG (NS) A fE it 41 H T KGN 4
Jil 24,48 ,72 F1 96 h J& , &0 40 i 70 i PG B Ay,
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L2r 2 FHEFWIE
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—I—1X105/:\-mL'1 2.1 HAEMSEHE
sk — 2x10%4-mL" TEHeE 0.001 3 ~3 TU-mL ™' J5 [ N, L HMG
(NS fi & B A A B, Ao, TH 0 PN AR B A1 4T, 3
Tl o USRS AR T 2, R (Y
7£0.95 L) |,
1 1 1 1 1 | 2.2 %E'E
L ¥ HCG , LH K WRIE ) ¥ B )5 5. 17 f1 5. 27
2K ElIg/IU-mL] L v e i
YEJT KGN 401 72 h Ji5 , L HMG B i i vk 52 N
B4 HMG(NS)EH T A [F) 40 1 % B2 Y o Bl 6F R B A ygs,, TE Ay BRI &5 2R s (L TR
A gosn TH LB 5), 5= AR A AR L, HCG, LH R WE 71 45 1 T

AN S5 1 Aygsnn 1B AR AS /N T 25 1 Aygs, 1H, BB
Wit DL B2 R, A FATH E KGN-PG ik 1) 52 HCG,LH } & JE 7] ¥ K g fl % KGN 40 Mg J3 i
WK MRS E N 1 x 10° 4~ -mL ™", K5 PG, UL Z AR R & )E 1k, g8 & x me

YEHIWS 18] 2 72 e FSH (1) 4= ¥y 1 1%
0.6 0.8
0.6F
0.4}
§ § 0.4}
< <
02}
02}
0 0
ARG SRV IR AR S NISESEERNREEEREE 0 272 815 244 73.3 220
Sy & ST ESE WL
FE/U-mL FE/U-mL
HCG LH
B 5 HCG,LH MIRIEFIXT KGN i) Tt %% (n =4)
2.3 WA HE) D PR A 0 W R A I A

2.3.1 AFMMBERERE WSEUaRh A TUSEITRNA,B, CH D EXN I E 5 R E0
EACER M2 Edrm g flifa . B (HACRIME M RIR C 51N 6% ,8% ,11% F1 3% 45 W3 1, 41 % )
EARF M B 1C,, (B RS & — B XA BN R 5L 5 45

R 1 KGN 20 i b M o 1 o0y 4 00 45 28 o A

20 A48 A5 255 B /4 - mL ! e oiE A B c D R?
8 x 10* Y=(A-D)/[1+(X/C)*] +D 0.568 1.85 0.061 0.127 0.998
1 x10° 0.519 1.74 0.055 0.122 0.999
1.2 x10° 0.513 1.57 0.049 0.121 0.998
JIREESR N — 0.533 1.716 0.055 0.123 0.998
CV/% — 6 8 10 3 0

2.3.2 IOy A5RAER 2 Fos, WS E0 T 1% |, S2 5 0 B 0] 2% 0 454 52 3 s
A,B,C,D {E XN 28 5 R E 0 1% ,13% ,13%
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%2 HMG(NS)/EH TEALY KGN 40N [ 96 FLAR i 46 I 45 5 43 by
i (e g A B [ D R?
1 Y=(A-D)/[1+(X/C)¥] +D 0.392 1.33 0.047 0.116 0.998
2 0.386 1.59 0.057 0.118 0.999
JIRCESE( — 0.389 1.454 0.052 0.117 0.998
CV/% — 1 13 13 1 0

2.4 HEIEBE
5 AN I o B A X HE B R AE 96% ~ 111% , 45

WL 3, LA EREAFE (P E NRILMEZ
#1)2020 4F iz U 338 ) 94011,

&3 HMG(NS) AR I R 6 B0 B 45 2R

0.32 IU-mL "'
BRI A
64% 80% 100% 125% 156%
S ) 4 (B /TU - mLL = 0.197 £0.024 0.254 £0.017 0.308 +0.086 0.431 £0.010 0.555 £0.037
A X 0 B/ % 96 99 96 108 111
2.5 EEH B,C Fl D {H # 47 5» §r , X} R i) RSD B 435l hy 4%

1 K56 N B3 57 X HMG (NS) B i # i8 fr dt
SEITIEIEAT 6 ISEHR 0 6 IS U S BT R A,

12% ,9% 1 2% , W] e J7 V5 0 2 52 1 R4, 25 2R L
#4.

F4 1 LAY 6 WL RIS A
28 s RSD/ % xX£s
1 2 3 4 5 6
A 0.483 0.475 0.491 0.483 0.511 0.519 4 0.494 £0.017
B 1.34 1.6 1.34 1.57 1.74 1.74 12 1.555 £0.181
C 0.046 3 0.056 5 0.046 6 0.056 7 0.0551 0.054 8 9 0.053 £0.005
D 0.117 0.121 0.117 0.121 0.121 0.122 2 0.120 £0.002
3 Bk 6 IR A HORE A 5 2
X Brbm o T8 R TR SR HMG KT R 2 I R
VR 5 B S M % 26 9 1 2 A T T - f; Wy mmRe B
%o HMG (19) Bt 48 B 57 HMG 59 20 4 00 2 45 WA ik R
(UL 5) Fe W] 40 1 15 2 o ok i V0 2 2 1 — 3, 1Y EAAOMG A #B1 3% oK 6% Aok
T 46 5 R 10 2 000 3 RS 4 R RE B E 2% poodtmL s 2
B 2 5 02 6) 6 W1 ALY 15 25 0 g c e Sk
S5 B BT R b R
s SR

Fz5 HMG(IS) Kl B g R IE %
HMG A28 0 I 2 45 4R

B AR S ARk % Bk %
HMG(1S) NIBSC 10/286 90 101
5 HMG A 51 92 86

B ElIR= 91 89
C 51 124 104

2% 2y #h FSH O R Py 3 R A DNy 2 O A
1953 A7 (19 R BB S 1 F vk (HCG 4 40) o %07
RAFAE R BR M < F R i sh W, O % 1 o B S AR RS
W2 SRR AT H De Leeuw %7 5T
FW FSH 76K U N 5 Al 2L h A He, H 2 8
SEAFFEFNE 22 5 . MG 3R [ 38 > (reduction) |

r
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AL (replacement) | i £k ( refinement ) | By 18 & 5 &
Jiti , 5 O Y 00 R O I s AR R U O
B, NUEGNE0R 40 ifE KGN-PG % BEREAT & 3R I
M), CRETH bR AN S 22 5, Hazik &l (hAe N R 3L A0
25 H)9401 F1 9101 J5 i 2% 56 UE , ok 4 K 2%
JE T PP A A K

KGN-PG J5 1% REAT R IX 7 e il 2% 6 A b, 1% 07
AR MG 5 25 0k 2 T R R — 8 PG X
TR G 1 D B2 T A S R AR O A O U RN &
fli [ PG Z e Edi ik 550 & A A PG (LA 45 5 Bl
PEBERR T o7 7 ) 4 &, 7 A ) i RO (B R 47 2 B
SIHT LG RE DNVE W h E AE  MA E PG O, SE g T
PG Z e BEPUIR R4S & Ar A, JEME R 1 5 203850 &
F e PG (S 45 & il vE W5 IR B 0 ) 45 &, I 1) X
A0 53 WA R PG FEAT E B, B A B 8BS, 40 23 W Y
PG ik By o DUt B SR 0RE 40 i 28 FSH S
g3 PG B30T T B I R R I, T A
g 24 Bk AR 38 B A RO
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