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(57) Abstract: The present invention relates to a method for analyzing a mono-glycosylated form of follicle-stimulating hormone
(FSH) using ultra-high performance liquid chromatography (UPLC). According to the present invention, ultra-high performance liquid
chromatography is performed using a specific column and mobile phase, and thus the method is useful for detecting and/or quantifying
a mono-glycosylated form of FSH without a separate pre-treatment.

(57) LA B wye a5 AH IzwlEIY 3 (UPLC, Ultra performance liquid chromatography) 412 o]
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B 1k 2 Al -k FSH(Follicle-stimulating hormone, ‘r_]rJX} TEEe gy =
o] 24 3} ¥ & Bl (Mono-glycosylated form)2] 7% Wi ol 33l Zl o]}, BT} A
sHAI=, 1 FSHE Ml B R ko JERylo] vl =2 243t J e & Ao 4
o 7 gkt Aeto], FSHE b 28 24 std e & B et 3 FA 8]
A gk A g g ol #hgk Aol
w37 e

FSH(Follicle-stimulating hormone, W+ A} = & 2 )& &3} 9} W E} A H {4 0]
ME B FH ATS YAt = Gk o), dubel wleR A B - 24zt
= 7 7Hel N-= 2|2k A (N-glycan site)7F <= A 8h=H], &3k A B 57512 Asn529}
Asn780l], Wl EF A B f-51-2 Asn7¥ Asn24¢] N-= 2] Zko] &A) gkt

ol 21§k N-= & 712 & at o} vl et A B -5 o] Ao 2h-g ol AA| ol A 2] &
oy~ =584 A 2 E}_L(afflmty) ol Tagh s ok g A 9
th A A 2 FSHE| ehap-A B f-ylol] AdH gh3te 2 o A 01‘3:1%3], <
A, HH HAE AGE A8l T a5, WlEk-A B R vhEsiES o] A of
A, 8 3 {f%oi%ﬂrﬂﬂ ol Fol&A ol AANE flel T a5t

Sefolli= Ml B A B fylel N-= 2] Zbo] shunt EA ek vl S st
= Fostg o, ] & ¥l = FSH 4=-8- A o] t gt A 3t 218} % (affinity) 7} N-=
g Zko] F 7| EA sk Fefoll vl e A4 o2 wrhar B oy uf gl uhehA,

ol 3t vt F&] T A3 = FSHE FA o] Q3 7| & dhrhal Bol X
b ol =9 g A gt T Bavt e 87

ol A A FHEc A FSHO Tt =2 24 35 & el < Z:XH A1 ZF = Bt A|

HHE RN E FSHE $E31aL, HPLCOI A A ol 3 A3 & S8 ¥elshe] g2l
a3t} olwl, HPLC A & nt&E 13 Axto) 4 FSH & B & t}ol v 3] = H o) &
A B FS 9 27 e A S B 9o, o] % SDS-PAGES} 4l 8
Egto 2 gigfAel X5 gelgh uf 9lt}. 1 €] &2 PNGase-FZ A ] 3}¢ N-
= 2] Zbol] ol ¢k Mass Spectrometry w212 -3l X &} =#) 2} = 2] hFSH =& 7+
ZE ¥ usk A3t Q)

ol g} ko] o A M7 % 5ol A= F2 @ o) malshd Feje] EAE ol
sh= AARAY S ALe gl o, A BA o] thal A A Al dE
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g o] A A
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[7] ol & &t nlj A slol| A, B YA E-2 F U] WESHA FSHY ¢ =924 3t
HE & F1 e = = W& o9 Afsto] By g A skl

[8] wheA] Bk 2 A8k W3 2} =1 & 2 F(FSH, Follicle-stimulating hormone,
A28y v 28] Z A 815 3 (Mono-glycosylated form)-S- 2] &F+=
WS A Fels As B4 0= gkt
oA A

[9] Bowhg o] @] ZH o072 Algfg FSH(Follicle-stimulating hormone, W ¥ A= 2

ol

=)o gdd =8 = ]ﬂ% 1 & ¥} (Mono-glycosylated form)-2 #-4] 3} = WH & A

[10] wabgof wEH, FE G o R %ﬁﬂﬁﬁJﬂF$w1‘°%ﬂ 43}
HHYE, S wol A s G AL 7] 31 F kR o 2 73t
T AUtk
EHY gAY

[11] T 1L HILIC AHE o]-&3te] B4 FSHE| UV A 2ntE 13 A5 ek

“1efj3Eolt,

[12] L2 HILIC A& & o]&3to] A §F ehA[edd 3} FSHE| UV A=2ntE 13 2
I YER 1ol

[13] 532349 E o]l g3te] ¥4 % FSHe UV AZntE 13 AE e 1
g o]t

[14] % 43= C8 A S o] g3fe] ¥4 % FSHE| UV AZntE 13 AE ek 1
o S ol T},

[15] 53 03 A Y-S AFESFe] UPLC-Q-TOFo A ¥-41 38 FSH| UV A 2nhE 13
< YRy 2 o)t}

[16] L 67 WERA B RS 39 qiia A ek ~ 9 E 2] (Deconvoluted mass
spectrum)< W EFH Aot} 25 M2 F40e] |, H-2 A2 N-"4(Asn-Ser)
Ate & Hl(cleaved form)S YEFWITEH

[17] L 7av 4ot RS 2 ad Sl 24sd 4o ERY 910 HEEF

A A=k 23 E gl(Deconvoluted mass spectrum)< WEFH A 3ol 31, &= 7TbE 4FE)
H dat JE Ay 179 vt ZEF 4 A g 29 E 2 (Deconvoluted mass spectrum)

2 thebdl Aol ).

[18] v 8o 3 AW ] u AlE) A VERY 1) Z o),

[19] Lo e 2k 2o upE e A A2 et 1S VERd e szo)t).

[20] 5 10> rhFSHE| @ =elad sty defof &% 4 A2rtEa s e
b Rl o) R

[21] T2 B o] whE gleF A whH o] thFSHol o 8 5-0] A (Specificity) <
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PLC<= RP-UPLC(Reversed-phase Ultra performance liquid chromatography)
,FAll & X UPLC w4 #f ol ehd Al gh glo] ARg-eh <=
2l 1=, 7] UPLC 412 A8 A2 ebd Al ghglol ARg <= 3l
kg of o] A ] ool A=, AgilentA} H= WatersAF2] UPLC Al 2= 81-& AL

=
o w5 FsHl Bl-Zelm sk A AU @ 5 9

lo T
2 L

J7] UPLCE &3to] FSHO| dd-Zel Aol E P & 2l st7] 9lstel &=
HA o] 7|7121& sk Aol Tt a3t

olell, & &g a} go] &7 UPLCOIA AFE-¥ 3= ©]-&d(mobile phase) & =
(A) 2l E35 0.1%v/v TFA(trifluoroacetic acid) 2 (B) BF&+A 81 4], 30 ) #] 50
vIv%, 35 WA 50 viv%e, 30 WA 45 vivde, 35 WA 45 vivde, T=3= 38 A 42 vivde
ACN(acetonitrile)©l] ¥ 0.1%v/v TFAE A8 = it} A7) o] &4 8 &
o] -ul] &4 slell A UPLCE 43 & 4= gl v).

2F7] UPLCON A AR5 = A8 €8 == C3 9AHRP) A9 Y & 9z, upek=A]
SHAlS=, FSHE @ e 24 sl e+ v ool = S ¥ = 31 S
2 ab7] widell, C3 Aglo] el sl vE freld a5 E vetd 5 QT

E3 A7l Ad el 253 65 WA 80°C, 65°C, 70°C B3 80°CE f- 4] 8l= A o]
W e]s ol A ol & Frk
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[47] S, Bodb o) whE WhH o) A, 47| UPLCA] o] BA4te] & 1alji=, 27] 274
60% ©157 (A) 2 40% ©] 5/ B)oll A Al 2Hek 4=

[48] gk A7) 27 22 A, FAF0% ©]F 2 (A) E 100% 15 HB)E o5 73B)
o vl & o7 e d & AUk

[49] o] T thA] 7] 27| 243 FDdH 60% o5 (A) 2 40% ©]53(B)°] F
L5 dAste] b3} A AF = o] vpEA s

[50]

[51] ok o] LA A9l A AA| e R, Al E FUEL 3 o R 531,210 mo
ALl X A&7 B AV RS 202 UPLCE 38t Ao =) E3], 47|
ULPLCA o] 54; &l Frli= A2 0287 60% ©1 54 (A) 2 40% ©] 5B =,
2~3E A= 54% ol 573 (A) 2 46% ©]EHB)R, 3~557HA = 53% ©l 57 (A)
2 47% ol 5B, 5~10%-7HA = 48% ©]-57 (A) Z 52% ©] -5/ HB)=Z, 10~10.1
FIHA= 20% ©1 57 (A) 2 80% ©l 54 (B)E, 10.1~17.15-7FA1= 0% © 57 (A)
2 100% ©] &4 B)E, 17.1~25%7H4]3= 60% ©15% (A) 2 40% ©] 53 (B)°] =
LESH, 8453 04 ml/min® 2 243 Zlo] FSHe| v Ze) 24 3td
HEfE vl sk Qo] Bt vheA s}

[52]

[53] B o] o & ool A, F-A] 4 91 UPLC 3 =712 37] 9 2t}

[54] 1. 7]17]: UPLC system

[55] 2. Column: C3 UPLC Column

[56]

[57] 2 g o] A FA ol A, ! E A4 4 Q1 UPLC 73 2=71-& 37| 9 &t

[58] 1. 7]17]: UPLC System (Waters, Acquity™) E=3= UPLC System (Agilent, 1290
Series)

[59] 2. Column: C3 UPLC Column

[60] 3. Injection Volume: 3 mL

[61] 4. UV Detection: 210 nm

[62] 5. 915 A: 0.1% TFA in Water

[63] 6. ©1 5 B: 0.1% TFA in 40% Acetonitrile

[64] 7. Flow Rate: 0.4 mL/min

[65]

[66] F7FA Q1 FE2A, B o) 2 1A Wi A =, 4] @A o] &, el
FSHe| T S|z ste 8 & g5 St Jd&gtstr] ¢1sho] Q-TOF
A& H-2 H(Q-TOF Mass Spectrometry)2 AF8-3F 4= It} Q-TOF & #i-AH 2
Aol Hhe) o) 3 = T

[67]

[68] s WS A A A S APR | AXA] gkar
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[69]

[70]
[71]

[72]
[73]

[74]

[75]
[76]

gk W2 ol E Mg A AR A FaL

Zfjol], FSH ¥4 W © 2 4 SDS-PAGE®} 9] ~¥ E-8F& AL-g8lo] &
A W 3 hFSH A A 2] FSHE ¥4 3 A 317} B a1 ¥ 89} 9 th(Victor Y. Butnev, &,
Molecular and Cellular Endocrinology, 2015, Vol. 405, 42-51). /37| +=-¢] 2 1} o]
A gre1ek o= 9= uké} 7o), SDS-PAGE, 9l 2% E-8ka} 7-8 Rxiubdlof) o] &)
= A5 e ] X 25 E i EFE Sl A7) E941 bt A ghgk g
gkal Bapeks upolst 4= glo], FSHE] A 8Hek dhaks ek o A2
o frhi= Aol Q. By ook ] T FH R B o] of
FSHO| @ el 22 3ld e &, §8 wWolux] gt 4 a A 71

A3 A o BhE 5 ks 4 st

i o
M
4
ot
rir
)

V- Ao M= rhFSHE| <ot e} vllel AR5l o] vl =2l 243t Jejol 4
F HAHS el ¥4 Column FFE A4 38kaL, UPLC ¥4 271
S+ 5F) AL, Z} Peak S Mass Spectrometry & ©]-8-310] 5 4 (Identification) 3}
CF & A H B4 H el o gt Qualification A 3 2.2 Specificity, Repeatability,
Intermediate Precision (Day & Equipment) &} -8 538 5} 31 T},

14 1.
1-1. A3 =2 (Samples)
Al B4 ¢l thESHA= thS % 13 &)

[3E1]

rhFSHY & 5% (mg/mL) Excipient”

Al =21 1.2 A A

A
BN
N ) 3.5 A A4
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AE B3 7.9 A5

[82] 1) B A5 LGE S a3l A Aak s At

831 2 EE AR AATE S R A

[84]

[85] 1-2. Al ¢F & Z1] (Reagent and Equipment)

[86] Aol A& Alef R Rl e] G H = v 2

[87] Aot

[88] HPLC grade Acetonitrile (JT Baker, Cat. No. 9017-03)

[89] HPLC grade Water (Burdick & Jackson, Cat. No. AH365-4)

[90] TFA (Trifluoroacetic Acid) (Merck, Cat. No. 1.08262.0100)

[91] A

[92]

[93] A 2 5

[94] Acquity UPLC+Q-TOF SYNAPT G2 (Waters)

[95] UPLC System (Waters, Acquity ")

[96] UPLC System (Agilent, 1290 Series)

[97] UPLC Glycoprotein Amide (HILIC) Column (Waters, Cat. No. 186007963)

[98] C3 UPLC Column (Agilent, Cat. No. 858750-909)

[99] C8 UPLC Column (Agilent, Cat. No. 858750-906)

[100]

[101] Sonicator (Branson, 1207K56)

[102] Micropipette

[103] Volumetric Flask %=+ | =4 ¢

[104] Eppendorf Tube

[105]

[106]  AAld 1. #4 A A (Column)®] A4

(1071 ZAAEFUe] 9ol 2eadsid FEE el @ 5 i 428 #4] Column
& AA57] 915k9] % 3709] Column® ¥] 5L Al SHSITh #4] 7]7]%= w5
Waters Aquity UPLCE ©]-8-3} ¢l ).

[108]

[109] 1-1. HILIC Column

[110] @A 41821 HILIC Columng ©]-&3}o] ofefjo] 2710 =& vel Ze| 34
shel defel ol s Al skl

[111] - Column: UPLC Glycoprotein Amide Column

[112] - Al A9 B2 1 (0.5 mg/mLo] ¥ %S GA 52 343}

[113] - ©°]5% A: 0.1% TFA in Water

]

[114

- 0] %4} B: 0.1% TFA in ACN
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[115] - Injection Volume: 1puL

[116] - Column 5= 45°C

[117] - Flow rate: 0.2 mL/min

[118] - UV detection : 214 nm

[119] - Gradient (3% 2)

[120] [3£2]
Al ZF (min) o F A % o] F B%
0.0 15 85
0.5 15 85
1.0 33 67
21.0 40 60
22.0 100 0
24.0 100 0
25.0 15 85
35.0 15 85

[121] Aol 27102 FA1% UV Chromatogram= %= 1] Y EFN AT}, <3 o} W E} A
B -4 9] N-= 2] 7F2] Heterogeneityoll & 3| w5~ 22 Peak©| &% a1 o] E0] A
2 FYHA &2 JHE YEhd A2 g9 5 sl

[122] whe} A, & 2] Heterogeneity S 7+ A1 71 7] 18l 2k Y ] ©] 2 (Neuraminidase)
£ A g8t 27l A (Neuraminic Acid)S A A8kl A48t} #4 242 o}
o 9} ot

[123] - Column: UPLC Glycoprotein Amide Column

[124] - A& Ae &4 1 (2 mg/mL, 30 uLoll Neuraminidase 1.2 L ¥ 32, 37°Coll 4] 18
AlZE REAI 7]

[125] - 0] 57 A: 0.1% TFA in Water

[126]  ©]%&%)} B:0.1% TFA in ACN

[127] - Injection Volume: 1 uLb

[128] - Column 5= 45°C

[129] - Flow rate: 0.2 mL/min

[130] - UV detection : 214 nm

[131] - Gradient(3% 3)

[132] [3£3]
Al ZF (min) ol F A% o] F B%
0.0 20 80

0.5 20 80
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1.0 35 65
46.0 43 57
47.0 100 0
49.0 100 0
50.0 20 80
60.0 20 80

[133]

[134]
[135]

[136
[137
[138
[139
[140
[141
[142
[143
[144
[145

—t e e e e e e d e e

Aol 27102 F241% UV Chromatogram2 = 20 YEFL ) U}
2850 Nl o] D A e N0 23 20

Zkol 270k 1707 E A6 a-1 N-=8] ZF &

AZ A FHRol =

DR

Slo N-=g] Zko] 271

oﬂ N-=¢]
2 -2 N-= 2] ZF Peak ©| 7101
EA 8= g2 N-=2] 7+

Peak®] A&t} o] 227 I A 2l Ak (Neuraminic acid)ol] 2] g+ Heterogeneity =
st FAAIRE, oA W3] T2 N-= gl 7holl 2] &)l Peak”7} o1 2] 7l A& ¥ a1 A B R/
HE He b 2 A ol i Sl st AYE G ee] ARt 7F ol Wt

1-2. RP (C3. C8) Column

C3 X C8 RP Columne Y& 4] 1o A Test 3t @ 28] 72 sh4 &
ol we] AnE Fstlvh A4 2702 ofgfj 9 ¢

- Column: C3 UPLC Column, C8 UPLC Column

AR ATE B2 2 (1.0 mg/mLo] HEE A2 8 A e

o]-5% A: 0.1% TFA in Water

o] 5/ B: 0.1% TFA in 40% ACN

- Injection Volume: 3 uLL

- Column < %: 80°C

- Flow rate: 0.4 mL/min

- UV detection: 210 nm

- Gradient(3% 4)
[324]
ARt (min) ol 5% A% o] 5 B%
0.0 60 40
2.0 54 46
3.0 53 47
5.0 49 51
7.0 49 51
10.0 0 100
17.0 0 100
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17.1 60 40
25.0 60 40

[146]

[147]
[148]

[149]

[150]
[151]

[152
[153
[154
[155

—t e e e

[156]

C3 Column 2.2 ¥4+ UV Chromatogram< 5= 3], C8 Column &2 4] 3 UV
Chromatogram$ %= 40 VEFU QT -4 ¢tat e} W} M B fylo] A2 P2 H
a1 7} A B /-5 -2 Main Peak (Di-glycosylated form)# 1 % of] @ =] 24 31%
& e 7F del ¥ o] AE e €39} C8 Column B A A 4 0 5 §-ALgF Profile
Holm® vl S A Jel & A EAsh=d A A5 st
At} C8 Columne C3 Column X.T} Peak 7} Broaddl Al WY} C3 Columns o] &
gk WAl Aae] A5 F46k3lt

1-3. C3 Column-- ©] 83+ #-4 A3} o] 3] 9 5 (Peak Identification)

%2 39] C3 Column 41 A 3ol A 7} Peak @] Identifications 13l UPLC-Q-TOF
o]-gsto] FAZ £ 0% UPLCE &8t Q-TOFS & 7} Peak ] &A1
ZA st

UPLC-Q-TOF£ ©]8-3}o] 324t UV Chromatogram< 5= 5] YERA A AL, 74
Peak 2] Deconvoluted Mass Spectrume 5 63 5= 7¢] W EFUI QATE

9o
=

9o
=

[¥5]

RS EGRER R A Bt e
Peak No.  [N-glycan Structure Theoretical Mw (Da) Delta (Da)"

-NS? +NS? NS |+NS

1 A2G2FS2+A2G2FS2  |16976.07 17177.25 -0.40  |-0.07
2 A2G2FS2+A3G3FS2  |17341.39 17542.57 0.11 0.06
3 A2G2FS2+A3G3FS3 17632.65 17833.83 -0.04  |-0.04
4 A3G3FS2+A3G3FS3 17997.97 18199.15 -0.44  |-0.14
5 A3G3FS3+A3G3FS3 18289.23 18490.41 -0.19  |-0.04
6 A3G3FS3+A4G4FS3 18654.63 18855.73 -0.12 0.02
7 A3G3FS3+A4G4FS4  |18945.89 19146.99 -0.85  ]0.06
8 A4G4FS3+A4G4FS4  |19311.21 19512.31 -0.94  |-0.09

1) Delta = Experimental Mw - Theoretical Mw

2) -NS: N-terminal (Asn-Ser) cleaved Form

3) +NS: Normal Form

4) A, SHE| U Z(antennary); G, 2L E @ Z(galactose); F, 37 3 2 Z(fucose); S,
Al 2HAk(sialic acid)

3t6]
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ot S 2 sk e BRSO A0 SR A
Peak No.  [N-glycan Structur|Theoretical Mw (Da) Delta (Da)"
© -NS? +NSY NS +NS

1 A2G2FS1 1433273 |14533.91 |0.43 0.22
2 A2G2FS2 14623.99 |14825.17 |-0.02 0.08
3 A3G3FS2 14989.31 |15190.49 [0.10 -0.12
4 A3G3FS3 15280.57 |15481.75 |0.18 -0.10
5 A4G4FS3 15645.89 |15847.07 |-0.15 -0.21
6 A4G4FS4 15937.15 |16138.33  |-0.74 -0.19
7 A4G4FS4+1LN  |16302.47 |16503.65 |-0.14 -0.10
8 A4G4FS4+2LN  [16667.79  |16868.97  |0.08 -0.55

[157] 1) Delta = Experimental Mw - Theoretical Mw

[158] 2) -NS: N-terminal (Asn-Ser) cleaved Form

[159] 3) +NS: Normal Form

[160] 4) A, SHE| U Z(antennary); G, 2L E @ Z(galactose); F, 37 3 2 Z(fucose); S,
A ek (sialic acid)

[161]

[162] [3£7]

A3 B RS 99 TR A

Peak No. N-glycan Structure Theoretical Mw (Da) Delta (Da)"
1 A2G2S1+Man6P 13569.53 0.89
2 A2G2S2+Man5P 13698.65 1.42
3 A2G2S2+Man6P 13860.79 0.84
4 A2G2S1+A2G2S1 14025.03 -0.52
5 A2G2S1+A2G2S2 14316.29 0.00
6 A2G2S52+A2G2S2 14607.54 -0.18
7 A2G2S52+A3G3S1 14681.61 0.07
8 A2G2S2+A3G3S2 14972.87 -0.16
9 A2G2S2+A3G383 15264.12 -0.56
10 A3G3S2+A3G352 15338.19 0.69
11 A3G3S2+A3G3S3 15629.44 -0.08
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12 A3G3S3+A3G3S3 15920.70 0.82

[163] 1) Delta = Experimental Mw - Theoretical Mw
[164] 2) A, SHE| U Z(antennary); G, 2L E @ Z(galactose); F, 37 3 .2 Z(fucose); S,

Al 2HAk(sialic acid)

[165] [3%8]
gt S dshd dok B RS g0 SR A
Peak No. [N-glycan Structure Theoretical Mw (Da)|Delta (Da)"
Monol Mono2
1 Man5P 11492.88 N.D.? 1.62
2 Man6P 11655.02 N.D. 1.68
3 A2G2S1 12110.55 -0.14 -0.56
4 A2G2S2 12401.81 -0.77 -0.40
5 A3G3S1 12476.15 -1.55 -0.96
6 A3G3S2 12767.15 -0.11 -0.19
7 A4G2FS2 12954.34 0.07 N.D.
8 A3G3S3 13058.40 -0.41 -0.68
[166] 1) Delta = Experimental Mw - Theoretical Mw
[167] 2) N.D.: Not detected
[168] 3) A, QFE| Y Z(antennary); G, Z & & 2 Z(galactose); F, 313 2 Z(fucose); S,
Al 2HAk(sialic acid)
[169]
[170] [3£9]
RN LR ECE e
Peak No. [N-glycan Structure Theoretical Mw (Da) |Delta (Da)"
Oxil Oxi2
1 A2G2S14+Man6P 13585.53 1.65 0.24
2 A2G2S2+Man5P 13714.65 0.81 1.86
3 A2G2S2+Man6P 13876.79 N.D.? -0.10
4 A2G2S14+A2G2S1 14041.03 0.49 3.06
5 A2G2S1+A2G2S2 14332.29 -0.30 0.53
6 A2G2S2+A2G2S2 14623.54 0.57 -1.13
7 A2G2S2+A3G3S1 14697.61 3.09 N.D.
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[171]
[172]
[173]

[174]
[175]
[176]

[177]
[178]

8 A2G2S52+A3G352 14988.87 -0.64 1.32
9 A2G2S2+A3G383 15280.12 0.89 1.89
10 A3G3S2+A3G352 15354.19 0.72 1.36
11 A3G3S2+A3G3S3 15645.44 1.46 N.D.
12 A3G3S3+A3G3S3 15936.70 N.D. N.D.

1) Delta = Experimental Mw - Theoretical Mw
2) N.D.: Not detected
3) A, QFE| Y Z(antennary); G, Z & & 2 Z(galactose); F, 313 2 Z(fucose); S,

A L2k (sialic acid)

AA 4 2. 74 A F(Gradient Test)

C3 A& o] &sto] @ =8| mAstd 7t 7Hd & Sl 2710& 37
Asl T E A s AT T 4709 7l 2GR 1002 A sk AL, 7
Z710.2 348 UV Chromatogram 2 2= & 8o Ve AT} 470 9] vl 22
BF ¢ul A B R5-Y (Alpha) @ # EF A B f- S (Beta)oll A @ =] 24 31% o E)
7F & BEE = S Fstgin), ) 33} 43 W EF A HS Y (Beta) T 9 28]
A3t W el A B f- Y (Beta-Mono) 3 217} 11l 13} 2 Bt} Sharp 3FA] 7F, H E}
MBS (Beta)# @Y =2 A 31 A EF A E- 5 (Beta-Mono) Peak 9] 3l 4 5=
(Resolution)+= -l 13} 2014 ©] &-& 21 o= Hol gt -l 13 2 Foll A=
Hj 19] W EF A B F-H (Beta)? @ =] 22 81 ¥ Wl EF A B F-H (Beta-Mono) 9]
3 A7} -l 290 8] 1E} o] Broad 3} A L EFRETE
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1) Gradient 2) Gradient 2
Tme  Fowmlmm) A% B% Tme  Fowlplimp) A% B%
Inttial 04 60 40
Initial 04 60 40
2 04 4 46
2 04 54 6 .
3 04 53 47
3 04 53 47
5 04 48 52
5 04 19 51
7 04 48 52
7 04 49 51
10 04 20 80
10 04 0 100
10.1 04 0 100
17 04 0 100
17 04 0 100
17.1 04 60 40
17.1 04 & 40
25 04 60 40
25 04 60 10
3) Gradient 3 4) Gradient 4
Tme  Flowmlom) A% B% Tme  Howmlom) A% B%
Initial 04 60 0 Instial 04
2 04 51 9 2 04 51 9
3 04 47 53 25 04 XY 53
35 04 47 53 3 04 46 54
8 04 10 90 8 04 10 9%
8.1 04 0 100 8.1 04 0 100
15 04 0 100 15 04 0 100
151 04 60 40 151 04 60 40
25 04 60 0 25 04 60 40
[179]
[180] A 3. 2EH 2% A ¥ (Column Temperature Test)
[181] C3ZAHE& o]8slo] dd =8| Z A8 e Fefr} 7 2 Bl ¥ = 231& 3]
Asl A 25 A& @A T A=Al A QbW sk A H o AL 7 g F
o] &%3= 80°Colt}. 2ol uhe} = 60°C, 65°C, 70°C, 80°C 471 9] &% A& A|
alelar, 24 2 o2 A% UV Chromatogram 2 3= 5 99l YR ST}, 47
o Ay L% 2 BT 45k A H A (Alpha) B ) 2 2451 Lo A B
-2 (Alpha-mono)+= w2l 7F 2 ¥ 3 oL, HEF A B F-H (Beta) ol 4] & 60°C2] 4
- & A 12 (Resolution) 7} £+ ¢Fo} @ Ze) 413} H W B} A B-H-Y (Beta-Mono)
¥ A7k W ZabA] &3kt 65°C, 70°C, 80°Col A = EF v = v A 31 3 H
b e Ho] 4EEE e Feaga, SR wolA5E U pe Yelvon
Hlth o] 2 H-E 65°C ~ 80°C oA o] Ad &5 2ol A & 412 7hsad
Aoz FH
[182]
[183] AAd 4. HF A

[184]

Al Aol et = 2 o) upE A e ohg-a o] Al E ATt
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[185]
[186]

[187] 4-1-1. A= =4
[188] AName= AAFE o] &3t HF 55 1.0 mgmL, F F3 =50 ul7t ¥ 25 &

[189] 4-1-2. UPLC ¥4 =4
[190] - Column: C3 UPLC Column
[191] - Column <~ 5.: 80°C
[192] - Injection Volume: 3 mL
[193] - UV Detection: 210 nm
[194] - 0] 54; A: 0.1% TFA in Water
[195] - 0] 54} B: 0.1% TFA in 40% Acetonitrile
[196] - Flow Rate: 0.4 mL/min
[197] - Gradient (3% 11)
[198] [11]
A1 ZF (min) ol 54 A (%) ol 54 B (%)
0 60 40
2 54 46
3 53 47
5 48 52
7 48 52
10 20 80
10.1 0 100
17 0 100
17.1 60 40
25 60 40
[199]
[200] 4-1-3. & A0 A3
[201] HE FAAHeZ FA% Alg 24 29] UV chromatogram-S- 5= 1001 WEFU ¢
a1, Weke)l &ak M B Ryl 7 S A ghE FJEf ] Ad) S AlLtst
o] 3% 120 AelEtith A1d =2 29 WEl @Y S8l Z A st Ao ke
31.0%, &3t G =2l Z A 318 F e o] a2 2.5%0] At
[202]

[203] 312]
Hler R ekt MERle] @ Sefadshd o] A

o
o
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A= A}l A 91 g2 (Relative Content) (%)
H EF A B {45l eat A H {4
Main peak W =¥ 3 |Main peak el =
23} &l 23} &l

AN =42 69.0 31.0 97.5 2.5

[204]

[205] A Al o 5, B2 9] A A (Qualification)

[206] & ¥4 9] QualificationS ¢ &l 5-©] A (Specificity), 557} 4]
(Repeatability), 2 3 2 W A A (Intermediate Precision) 310l t gk A 31 -& 53
sttt 5ol 3 ¥HE 75 A S Waters AF UPLCE o] &-8Fo] =3latglar, 234
W A2 Ad Az, 71713 48 A& Waters AF UPLC} Agilent AF UPLCE
ol g&to] =35t o, A &= BT 80°CE A £33t

[207]

[208]  5-1. 5] 4 (Specificity)

[209] HE Y Sold & gelatr] 8l thFSH (A1E =4 2)9F A5 34 Al A
L5 = AAFE 2ol A48 a1, ZF UV Chromatogram-2- = 1191 7 2] 3} 57 ¢}

[210] thFSH A &0l A = Wl et R &3k A B {4l 43}_9} o = Z A s el
v B {9 271 242 el AL, A A 99 5291 8 UV Chromatogram ©f A =
rthFSH A| & Peakol] 1H41-& 5+ %= Peak 7} % gﬂ Al % Skt

[211]

[212]  5-2. ¥H57}5 Al (Repeatability)

[213] WA O] R 7bs A & ghelshy] el thFSH (A &4 ) A &5 72 Al |
8] A &lo] H-A13F T} UV Chromatogram-2 5= 120 7 2] 3131 a1, 2+ gl o] =
ol thgt | F5 Al 7H(Retention Time)3 Ao $heF- 3% 13 2 1490 22 A ¢ 5f
AT}, A tHo] A &lo)| A A A Peak Profile- A & F-AFSFY a1, 558 PeakE 9] # &
& AlZH(Retention Time)-2 1 3 ool A L X]3FA T}, wEle} ehate] @ =)=
2 sly G ghek2 747} 30.8%, 2.5% ©1 L, %RSDA= 1.4%, 0.0% ©] AT},

[214]

[215] [3£13]

i 7s A A A FE A7

ANE 5 Al ZH(min)

HIEF A B - R FURER

Main peak |9 2] |Mainpeak |9 =8 =
2315 3 2315 3
A EE2 1 2.82 5.29 8.78 9.05
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2 2.82 523 8.78 9.05
3 2.81 523 8.78 9.05
Average 2.82 5.25 8.78 9.05
%RSD 0.2 0.7 0.0 0.0
[216] [3£14]
W7 A E AsdH 33
A= At &=k (Relative Content) (%)
HEF A H f- SRR
Main peak |9 =8 Z|Mainpeak |9 ==
23t o 23t o
A =421 68.7 313 97.5 2.5
2 69.5 30.5 97.5 2.5
69.3 30.7 97.5 2.5
Average 69.2 30.8 97.5 2.5
%RSD 0.6 1.4 0.0 0.0

[217
[218
[219
[220

[221]

[222]

5-3. 215 211 A 21 A (Intermediate Precision)
531 A% 9l A

= o=

A Gl whe AUAS elsty] flske] thFSH (A1 B4 2) A2 &

Waters UPLC (Acquity™) 7171 & o]-&3to] A= th& A It A3 & 213513
a1, 2 ATE 5 139 e AT
712 Agilent UPLC (1290 Series) ol A &= A1 3] A xpd A AL gFel1sbg) o,

1 AE 5140 YERA AT

2y 71710l A o] Al U AE UV Chromatogram-= 7 2| 4 . & Peak & 2] ™5
& AIZH(RT) zkol = EA AT, oA 4 o2 A 2 f-A181 31t 7} PeakE 2] RT
= ¥ 14 2 159 48k =], Waters UPLCE= 0.3~2.6% 2] %RSDE H.$ a1
Agilent UPLC= 0.5~2.1%2] %RSDE R 3T} L3 4lstH 4ot M {12
(Oxidized Alpha Subunit Peak)2] toll A A& ¥ = v Ze] 24 3td we 9=
o} Ho A AEE = &t A H {9 3 (Alpha Subunit Main Peak)9}9] 2]
2 M5 Al 7k (Relative Retention Time) RRTS 2F2}; A4S a1, 3% 14 2 159
o] A elstA Tl Waters UPLC Y] 74§ 213ty <t ahydd 28] 72 315 H el e
Absle dalyehal 5= 1) 21 9] RRTE] %RSD= 2.3%°] 9131, Agilent 7} 242} 0.9%,
1.3% 0.3 & apol & HolA| &3kt) 3 15 B 1691412} o] o she(%) S At
Sl A 7}, Waters UPLC 2] Z} Peak “J-tl] 82| %RSD= 0.2~6.0% ©] 3L, Agilent
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[223]

[224]

[225]

PCT/KR2023/021322

A &% (Elution) ¥ = 9] =19 M -2

Al kR A e 8t

UPLCE 0.0~1.2% % Y e, 5 717] 25 6.0% ©] W9 %RSDE H.o] A3 A=}
of W& AL FAEE= Ao e
[3£15]
Al AW A Alg] i, MFE A7 - Waters (Acquity)
AE M55 Al ZF (min) A A W EE A 7E
H B} A B -4 oty A B Azt oAbk E
Main p|T@¥ =g [AHsE [Main pe|©d =+ sl LI/
- - s N = Al _ﬁ]. = 3
eak FA3tE | el Alak I | EEEE T T
& EREAEE 3] st wlE |2
Al & Day|2.76 5.70 7.74 8.70 8.99 1.36 0.89
=|-1
pal 2
= < |Day|2.74 5.64 7.50 8.66 8.95 1.33 0.87
-2
Day|2.70 5.64 7.35 8.63 8.93 1.30 0.85
-3
Average |[2.73 5.66 7.53 8.66 8.96 1.33 0.87
%RSD 1.1 0.6 2.6 04 0.3 2.3 2.3
a) Watersol| A -2 A AHeld Aot B FW S T 7] g arzt dEEar o] &

[3.16]
Al AW A Alg] Ao, HFEAIZ - Agilent (1290 Series)
AE 55 Al ZHmin) A A WEE AL
WEF EFY ([ dat A e cbele oHaksid &
Main pe| G =|4Fs}E [Main pe|dd = s = v E
ak 222 | oot A |ak gz [BlEZAES T ¥ =
S IREE A syl | e
Ef Ef
A& |Day-[2.69 |5.65 |6.54  [8.39 8.88 1.16 0.78
B4 2|1
Day-|2.75 [5.83 [6.72  [8.50 8.95 1.15 0.79
2
Day-|2.73  |5.84 [6.81 8.53 8.97 1.17 0.80
3
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Average 2.72 5.78 6.69 8.47 8.94 1.16 0.79
%RSD 1.1 1.9 2.1 0.9 0.5 0.9 1.3

[226] 3 17]
AW LA A A, A ) - Waters (Acquity)
sy S & (%)
HEF A B F-H SRR
Main peak |d¥ =73 |Main peak |Pd = H
A3t Ay A3t Ay
Alg 24 2 |Day-1 69.0 31.0 97.6 2.4
Day-2 67.8 322 97.5 2.5
Day-3 67.4 32.6 97.3 2.7
Average 68.1 31.9 97.5 2.5
%RSD 1.2 2.6 0.2 6.0
[227] 3 18]
A A A Alg] Ao, Aol §HEE) - Agilent (1290 Series)
sy S & (%)
HEF A B 75 bt M H 75
Main peak |d¥ =73 |Main peak |Pd = H
A3t Ay A3t Ay
Alg &4 2 |Day-1 66.4 33.6 97.2 2.8
Day-2 66.5 33.5 97.1 2.9
Day-3 66.4 33.6 97.2 2.8
Average 66.4 33.6 97.1 2.9
%RSD 0.1 0.1 0.0 1.2
[228]
[229]  5-3-2. A 771 A2 A
[230] FAd3 A7 L o] TS o] &3lo] Waters UPLC 2} Agilent UPLC 7Fe] 7] 7] 3¢
AU E 7438tk Al 3= thFSH (A 8 £4 3)& o] 83131 31, Waters UPLC
(Acquity™) 2} Agilent UPLC (1290Series) 7171 Z o] -&3le] ¥4 3131t}
[231] Z} UV Chromatogram-= %= 15 2 % 169 Y EF a1, Z} Peak 2] Al 332 1%
1991 4 2] &t A et
[232] UV Chromatogram ‘¢l 4] Waters ¢} Agilent UPLC {}oll Z} Peak ] Profile-2 T

A A o2 FAFs 314 (Resolution) 2 A3} ehat A H B4 3] 3.2] ¢ ]9
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A zFol & H 3t} o] = 71719 Void Volume =2 Injection *2] o] €] gk 2ol 2
Azt & 1904 vl ete) ekato] vl ) A g M E RS o] A 3RS
Waters UPLC 7} Z2}2} 33.6~37.0%, 3.1~4.0 %= Y EF%L AL, Agilent UPLC 7} 242}
33.4~33.5%, 2.7%= SN ¥ A}, vl ete} ohop vl S Z A sk A B fH A
shako] AA Hd-S 22} 34.3%, 3.1% ©]9) 3L, %RSDE 242} 4.2%, 16.6% % L}EF
LA 71713 A A o] R E O] B BAHE F 7oA B A8 7s e
38T

[233]

[234] [3£19]

A AR A A 7171

ANE Al (%)
M =43 W EF A 5 A3 A B HU
Main peak |©Y =] |Main peak |[HY ]2
A sl & A 3l 3 E
Waters 1 63.0 37.0 96.0 4.0
(Acquity) 2 65.1 34.9 96.8 32
3 66.4 33.6 96.9 3.1
Agilent 1 66.6 33.4 97.3 2.7
(1290 Series) |5 66.5 33.5 97.3 2.7
3 66.5 33.5 97.3 2.7
Average 65.7 343 96.9 3.1
%RSD 2.2 42 0.5 16.6
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Z o

T4
EA S 2345 A A 8rhE 18 9 (UPLO) &
saEsHe vl 29245 AHE P e v

A AL-g-ste] W3
7

- =

A7 24T NA AR E 2 3(UPLC)S= C3RP 24 T1+= C8RP
& = o

kel

12 ¥3te

¥ AT ZEEFESH)Y] B FEadsd 9

<L,
up

Mg A et W
13l 2lof A,

7] 2314 %5 NA A2vE 183 (UPLO)E= &
n}E 12 9(RP-UPLC)Q! A9, ¥,

Aol JofA,

A7) 2314 s A A A2 eE 28 35 (UPLC)E ©] E/“*(rnobile phase) -8-V]
Z (A) =l 349 0.1%v/v TFA(trifluoroacetic acid) 2 (B) 35 W A 45%v/v
ACN(acetonitrile)oll 3 0.1%v/v TFAS AL-&3F= Al W,
Aol JofA,

A7 2314 % AA) F2eE 133 (UPLO)A o) B4l &uf i, &
71 27 60% ©1F4 (A) 2 40% ©] 5 ®B)NA, A2 0% o] F4) (A) 2
100% ©] &7 (B)E o5 4B)] Bl &S o 7hH gt o] F ThA] &=
7] 2717 L3 60% ©1 573 (A) E 40% ©] 5 d(B)°] HEF A5t
NASE A ATE RS EH QR oF=, W,
Aol JofA,

A7 GE A TE2E(FSH) S @ 28724 sk 3§
H%A¢Lﬂﬂﬁﬂ°ﬁﬂ%%§ﬂiéﬂ%%ﬂ%ﬁa%ﬂ.
Aol JofA,

ojul gt WA e] A4S A A gL

A EFds A AR

1:1

Aol JofA,

G A B AAA A F A= AL 5O Bk A9, W,
Aol JofA,

27 Ao Lxis
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