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Abstract: This study employed CHO-K1-FSHR-CRE-Luc transgenic cells as target cells to detect the biological
activity of thFSH-CTP using a luciferase detection system. Key parameters of the method were optimized, and its
performance was validated according to the requirements of the 2020 Edition of Pharmacopoeia of the People's
Republic of China (Vol 1IV), including relative accuracy, intermediate precision, linearity and range, and reliability
results. The results showed that thFSH-CTP conformed to the four-parameter equation: y = (A-D)/[1+(x/C)"B]+D,
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exhibiting an excellent dose-effect curve. The geometric means of relative biological activities (n = 8) at five titer
levels (50%, 80%, 100%, 125%, and 200%) were (53.87 + 2.47)%, (81.58 + 1.66)%, (96.76 + 4.64)%, (127.03 +
8.19)%, and (207.62 + 15.52)%, respectively. The relative bias (RB) and its 90% confidence intervals were 7.7%
(4.2%, 10.8%), 2.0% (0.6%, 3.3%), =3.2% (=6.4%, —0.3%), 1.6% (-2.9%, 5.8%), and 3.8% (-1.6%, 8.9%), with
absolute values of RB and confidence intervals all less than 11%. The upper limits of geometric coefficients of
variation (GCV) and their confidence intervals for five titer levels were less than 20%. The linear range spanned
50%—200%, with a slope of 0.974 2 and R’ = 0.994 8, meeting the criteria of General Chapter 9401 in Volume IV
of the 2020 Pharmacopoeia. Additionally, the deviation parallelism and regression terms satisfied the reliability
test requirements of General Chapter 1431 (biological assay statistics) in the same pharmacopoeia edition. In
conclusion, this study successfully established a method for detecting the biological activity of rhFSH-CTP, which
demonstrates good validity and reliability.
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stimulating hormone, FSH) fill71], 5% 4 1 #2412 OpiE
¥ & (recombinant human follicle-stimulating hormone,
rhFSH) il 75 4 b, 541\ fie ¥ B3R -C TP filh 15 25
(recombinant human follicle-stimulating hormone-CTP
fusion protein, hFSH-CTP) i | 2545 1, 3 A
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WA AT AR AE 58 SR, A6 45 R AR S i v e PR
ST T TR AT R HE A R R AR AN R
TR E T3, R 1PAr Be R 25 W A 2 i A

et 3 [R5 LA bRk {8 e R v vRE A AR E A5
o T I AL AR E AR AA 2 W) 32 AR IR i 7 3 R 40 AR

SRR 24 G5, &5 5% 58 s ib
HE DR Rk, J I AR IR R DR ) Rk VRN P I AR
Vi S o A FU S AR T 3RIA FSH 24k & A XK
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A NGB IR Z (recombinant human chorionic
gonadaotropin, tHCG, #t*5 150555-201804). & 44 A\ fi¢
FFOR R 3 & (recombinant human thyroid-stimulating
hormone, thTSH, #t 5 150530-202204) ¥ K J5 T =
£ i 24 R 8 B 7 B R = DMEM/F 12 A By 21 85 77
2 . DMEM/F12 J& By 41 K5 97 %5 . 0.25% trypsin-EDTA .

B2 I 0% R W H 55 [ Gibeo A W] WIH R B
(32 [ Invitrogen 2 7); Steady-Glo Luciferase Assay
System (€ [E Promega A @] ); CellXpert C170i %! — 4
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ER A 4 253 M A I

MM EWE PEBEZEE LZMHEMEE W
thFSH-CTP X} & i, LA DMEM/F 12 J& ) 21 % 7 & Tl ffi
B A 900 ng-mL", 1E 7 1L 56 1E 6 B . A DMEMY/
F12 Joly 2155 77 5 3 ) ) & W1 G W FE 2 180041 125,
900.720.450 ng-mL" (1] RFNEW, 1EH 5 MR
IKF (50%-80%- 100% - 125%-200%) LK 5, B4
BN K B PR 4 o Bt N R TE S TR H A A 4 AR
S B BEAT A X AN I8, BB K EE 210k, B
BB 496 FLAR, JL 8 RSLE . LARRREIR 1 i AL b,
RLU N A by 2 i) DY 2 i Rt 22, 15 2 2614 ED,,
{i (50 percent of effective dilution factor), 11 5 2% 1%
st FR)AFLRE 500, A6 2804 = Atk il ED, /6] B ED
100%. 155 0 7K 14 TUART B39 4F B AR i 2, 38t
AAX R (relative bias, RB) PFA A X #E6f 5, RB = AH
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RLU Sy A b 22 1) DY 2 i sl 28, 5 RGP AR
LA 25 41 )(2020 = hi) PUHSIE ) 1431 A= P9k € Se it
T HR ) R SR 2 SRR R s b R AT T SRR
WEPY. S 2 AL mT SR I W bR LA 2R R = 0.98
(e 1 39 7 I SR 2 (P< 0.01); I B8 P47 TE N AN 5 2%
(P=0.05)0 XF il & (0 [ A I00 AR 125 747 100 R SR AT
Guit, B uE i 7 i R I gh S I B n] SR

IR BUrhFSH-CTP X B8, PAAESZ 1000 ul
5345 )5 B 60 °CI7K A AL 3.4.8.20.24.72,
120168240 h, 73 Al AT DA EIE o BBk ik
TR J5 B 5% HE  EAT v RO B I o 7 &
¥ JH TOSHO TSK gel G2000 SW,, 41 # (300 mm x
7.8 mm, 5 um); fitE TOSHO TSK gel Guard column SW,,
&P 4 (40 mm x 6.0 mm, 7 um); FEIA A 14 mmol-L™!
Na,HPO, + 6 mmol'L" NaH,PO, + 149.91 mmol'L" NaCl
(pH 7.0), SRR eI, A% 0.5 mL-min™, #Ei 25 °C, #F
FER 50 uL, A3 K2 280 nm.
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Figure 1 The dose-response curves of recombinant human follicle-stimulating hormone-CTP fusion protein (thFSH-CTP) after the optimi-

zation of various biological activity assay conditions. A: Optimization of the optimal initial concentration; B: Optimization of cell seeding

density; C: Optimization of dilution factor; D: Optimization of drug stimulation time; E: Optimization of fluorescence substrate stimulation

time. RLU: Relative luciferase unit



- 3480 - 22224 Acta Pharmaceutica Sinica 2025, 60(11): 3476-3482
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CTP 1 thFSH 3 F & 35 1 & 250 th £k, il 1% 07 k015
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Figure 2 Dose-response curves of samples: 6 samples were added
to stimulate the cells, RLU was measured, and the 4-parameter
curve was plotted. rhLH: Recombinant human luteinizing hormone;
rHCG: Recombinant human chorionic gonadaotropin; rhTSH:
Recombinant human thyroid-stimulating hormone; thFSH: Recom-

binant human follicle-stimulating hormone

22 EXNEME . PEEEE EMMEE H2 Ak
35 N 5243 0 5E 5 AN AS R 2 7K P (50%80% 100%
125%-200%) FIAH X R, B R 7K P00 8 1K,
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S5 TS AN AN RN K S T UART S5 48 AR (i 475 o AH
XS () T UART YA 20 53 S0 (53.87 + 2.47)%  (81.58 +
1.66)% « (96.76 + 4.64)% « (127.03 + 8.19)% - (207.62 =
15.52)%. AHXH i i (RB) J2 H 90% B 15 X 8] 43 5 A
7.7% (4.2%, 10.8%)~2.0% (0.6%, 3.3%)+~3.2% (~6.4%,
~0.3%)1.6% (=2.9%, 5.8%)3.8% (—1.6%, 8.9%), A%}
i 125 e A X 18] ) 4 A8 250 7N T 1% , 3 B 77 325 FR A
o VR A EE o AR 5 K AT s R 1 ko B T B
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PR, GCV%3E A 2.1%~7.9%, ¥t 1% J7 ¥4 1) b 1)
U, LS AN R AKCF B AE B AR X (x)
Xof JHGAH L PR 284 W AL B AR XS L () ME BRI,
KA B/ ZRIE AT R A, A I E LR TR
Ny =0.974 2x + 0.020 9, R* = 0.994 8. H}FK1E 0.8~
1.25 W, R* > 0.98, 1% 751 50%~200% [F1304 7K1

W NS
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MRy mH TR B3 (P < 0.0D) R HEH B F
(R* = 0.98) i B AT WA &2 (P = 0.05). AW 5T XS
R\ [EVA T A &5~ AT UEAT Geit, R 3°K T 0.98 (/b
54 0.986), [EIVA T3 /NF 0.01 (5 KAE AN 1.08¢™), T
B FAT T R T 0.05 (B /ME N 0.063). 45 RAF A
BRI E | AR T S A A T SR R A

2.4 TIRME  rhFSH-CTP X [ 5 45 60 °CInFAfii IR 3.
4.8.20.24.72.120.168.240 h J&, % 5 7 HEBH (0 1%
I E o, BE A5 S I 3 R 2R B, BER IR
N T B SE G 3 ol 73 B B0 W PRI, A 9 I B 5 2 A
Thiar, Hod 3w & 520 5 N 90%- 81% - 59% 58% -
54%-.43.4%-.31.8%-23.8%- 18.7%, & M i% J7 VL GEME [X
SYRE SRR L BRI . B IR N A IR IS () thFSH-
CTP AW iG tE W B 3 4L L s, 5 R & 4b B i
thFSH-CTP AH bt Bl Al PR B (8] [ %E A AH 0 AE 49 2 3 1%
BT BEAR, 53 BN 93%- 78% 66% - 58% - 54% 45%
41%-30%-34% . K A J7 AT R o S Bhn Hm IR
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Figure 3 Results of main component content and biological

activity of thFSH-CTP after heat destruction

25 HRRRTBEM KA 5.13.24.40 fK CHO-
K1-FSHR-CRE-Luc 4l ff2 ] % [7] — 4/ thFSH-CTP ) /£
Yo 1, 4 AN AR 40 A5 31 1 & 0 2 o W R %2
5, BCy, A5 M LU 1) AH XS b5 4 f 22 (relative standard
deviation; RSD) A 8.75% A1 4.42%, 45 F %1 /N F 10%.
KUZA MR BA R &R TR e k.

2.6 Z R rhFSH-CTP £ FEMME 3 it
thFSH-CTP J& i (stock solution, SS), >k H i A~2Er=)
Z I 8 it rhFSH-CTP ¥ 43 - 0 il EAT A= 4 2 4% 1 )
5, SFATIE 3R, &5 AR 1 o, RHILRE S I e 45 21
I WG N (70%~130%), H RSD A1 10%,
FUZ 5 E R T
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Table 1 Results of multiple batches of rhFSH-CTP biological

activity assays

Sample Biological activity Average RSD
SSA 94.1% 91.4% 97.7% 94.4%  2.73%
SS B 108.1% 89.1% 111%  102.77%  9.47%
SSC 99.4%  106.1%  102.9% 102.8%  3.26%

115.0% 96.9%  100.2%  104.03%  7.57%
Injection B 101.5%  107.7% 98.1%  102.43%  3.88%
Injection C 91.3% 98.9%  100.5% 96.9%  4.14%
InjectionD ~ 110.1%  108.3% 96.5%  104.97%  5.75%
Injection E 117%  1143%  108.7% 113.2%  3.21%
Injection F 86.6% 92.9% 89.1% 89.53%  2.89%
Injection G 98.7% 96%  112.9%  102.53%  7.23%
Injection H 96.5% 94.3%  104.2% 98.33%  4.32%

Injection A

it

AN EREAE TR E [ F 7 R A 4F 10%, 5 4F
KIEWHRIAAAAERE LB, FSHZHMBE
FEHE AN PR B B A )2 (259, B & T 3 75 SR I RF
SK, FSH 2N R A B3 FI, RHEKSGE
HFSHZ M. Nt 3R E FSH KG9 1) 1w
HEFR, IS HE A 56 3 AR W) T I A O T AR
o B AT BR A DA PR I R v E 2 KRR DN SR
5, ZIE BB, SRR KE SRR, A AR
JE .

AW 58 F) FH CHO-K 1-FSHR-CRE-Luc 4% 2 X 4H ity
18 1 % thFSH-CTP 146 W< FE 48 Jf 6 A %% FZ \ rhFSH-
CTP 55 7 I 1) 5 R 135 B0 5 6 i 40 o3 T 4% S 56
S, 158 T R IF S B & 20 ih 28, 24 thFSH-
CTP 7 T i 5 JE D8 5 A W 5 06 PR 7 i o KR
ICHQ2 Al v [H 24 L E AT T A2 THI (1 7 2 32 50, BA 5%
TP L SR O HER FE RS 25 1 . AR AR N IR
T 25 1 )(2020 A5 R VU ) 1431 A= W0k € Sevhik
X R A B B0 E 1) 45 AT T Gt o i FH B 4
R B 7 OPAT M R RS TSR IR LAAR
[Fi] B I < £ 1) thF SH-C TP Al thFSH 0 380 5 (R 41 i f=
LB 770 B v Hh 28, T 71 EC, (E M 22 20 8 i, /7 (E
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