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Abstract — The complexity and variability of both the biologicals and the bioassays used to test them led
to the use of the reference standard- a sample of the product of defined purity and potency, against which
all preparations of that product must be calibrated. In order to prepare and establish KFDA reference stan-
dard for recombinant human growth hormone (somatropin), somatropin substance was filled in ampoules
in National Institute for Biological Standards and Control (NIBSC). The candidate KFDA reference stan-
dard for somatropin (designated as 98/674) was evaluated to determine the suitability of serving as a KFDA
reference standard for somatropin by the collaborative study, in which 10 laboratories participated. Physico-
chemical analysis and i vivo bioassay were performed by direct comparison with the international soma-
tropin standard 88/624. 98/674 was identified as somatropin by SDS-PAGE, IEF, peptide mapping, and
HPLC. Determination of somatropin content by SE-HPLC yielded a mean estimate of 2.01 mg somatropin
per ampoule. Data from the study also yielded mean values of 0.39 £ 0.26% for high molecular weight
impurities by SE-HPLC and mean values of 2.13 £ 1.29% for somatropin related proteins by RP-HPLC.
Estimates of relative potency by weight gain bioassay in the hypophysectomised rats showed that relative
potency of KS 98/674 was 1.07 aganist IS 88/624. Based on the results of the collaborative study, the can-
didate reference standard for somatropin is suitable to serve as a KFDA reference standard for somatropin.
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dxdo] Besdh, o] A% BYL AIBFE Ei=, 9]
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Aoz ealudels A fFo] 2oy 1 4
o] & w7 Azxd AFALTZE(AVERN:
Somatropin}ys A#3ld, WHOS] ZARETE 77|
791 NIBSC(National Institute for Biological Stan-
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fEEY FAREEY deHdo] AREA wet
NIBSC 3 3toll =4 F5A77F 4= o,
19949 ArlERRE A X} FAEFE(88/624)0] 2

=]o] 2.0 mg protei/FE H HEA 3.0 U/mge
2 st FEHME A9=715e) 35
TE E3le] AvlEZHAL] Chemical Reference
Standard(CRS)E A3l 8|84 3.0 [U/mgs =%
o 1 An QA WA #el(controlell ©
o4t in vivo bicassay W& EFA LA HUHD
UEME APEZHY i vivo bicassay HE =&
sleh Ao w vHE) fjsie] 1996d UE =9
AWM ATANIHS) FHOE FHAAIEA Az
BA5 28 FFF(Control 951)S B A% ¥
EA77) A}
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se-Phase HPLCOWY £% 94%E Z¥3lodoF s,
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AL AvkERAS] KFDA 25502 473
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um membraneS T F f2 AFE
2 skt
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somatropin 2.0 mg
glycine 20 mg
mannitol 2mg
lactose 2mg
sodium bicarbonate 2.5 mg

pH 7.3

FAAZI} A e FEE B S5 EF 50
M= -150°Ceoll A7F38le] “frozen baseline(98/675)” 2.
2 AMgSIRT Ee 9ES 5AAx Y UEs
KFDA AvlERY 3HIAFTE 986747 RFsIrt.
FHIAFE ¥ B AEE st AH x50
A3t Y| 20°Cell 22t
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OHEMAIE

NIBSCellH] @71 #airdes 31 2559 ¢
< Bk 9F 257088 20°C, 37°C, 45°C
oA 13747 A F -20°CE o)F3td AnAEE
A A3 THSE-HPLC, RP-HPLC, IEE SDS-PAGE,
Peptide mapping).
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2 ] o] AgE ks AL JFssiith &
A7ol AR AvlEgd TAEEEEG8/624) & X
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3.0 IU/mg (by definition)
2.0 mg proteinfampoule (by definition)

Z2)3let3 Aol SE-HPLC, RPHPLC, IEE
Peptide mapping= '99 European Pharmacopoeia
P2} ‘xwtEZ W o] uwal, SDS-PAGE, UV
spectrocopy+= '97 USP Pharmacopeial Forum, Vol
23, Numbe™®2] 4avtEza o we} ANt 4
284 ZAL '87 European pharmacopoeia®?] A}
2T ERE Assay, Method B, A% F71¥°0=2
2B FojAlella AR FF ol ARE-S}
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M phosphate buffer €HH 7.0)°] o} ZF 2
ZANS HEL} Resolution £ AWIERH A
EFE 1 vojde 1-2% o7 A7ES FRAT
50°C &4 Hkx] £ 0.025 M phosphate buffer
FNOF ImgmEA Sk A EFEH 2
resolution -£H9] FUH2 20w, HAH-S hydrophilic
silica gel for chromatography(0.30 m>7.8 mm ID,
5,000~150,000 molecular mass range)E AMESIRL,
EZQ33L 214 nm, °]F4 3 §%2] 2-propanol
3} 97 £39] 0.063 M phosphate buffer -&<(pH
7.008] E3tH {06 mimin®E F}h. Resolu-
tion(7|FEA 0 ZHE A9} oA Ale] valley 7}
A9 FolplZA FAFoly2 04 ojstoiof Firt.

RP-HPLC(reverse-phase HPLC) — ArjE2H =
AEFE 2 FRIFES 20 mgmEES 005 M
tris-hydrochloride buffer £(pH 7.5)°] =<lich
Resolution £ AvjEgd ZAEFES 2.0mg/
miE 5% 0.05 M tris-hydrochloride buffer £¢(pH
7500 5 3 Ejate] AollA] 24R)7F |3t
AN FFEA W pegolution N FUFS 20
AL butylsily! silica gel(0.25 mx4.6mm ID, 5
pum granulometry, 30 nm porosity)yS AR&-5}a1, HH
2EE 45°C, 3932 220 nm, ©JFAE 29 £
9] propanol® 71 £%2] 0.05M tris-hydrochloride
buffer@H 7.59 &3, 3L 05 mjmin® g $if.
A2PERY 939} desamido AFIEZY T]A Alo]d
resolution> #HA 1.0, AvtEEH HA29 sym-
metry factor= 0.9~1.8 o]ojof i},

A28t 2 (jn vive biocassay) - ABEEE 26-
28 4739 TY Hsex) @ TY F(strain)® F(rat)
2 FA o)zt 15g ©l8kE AMEs, AlE 23 F
Ao} FAE EFstn H3leAE dAg. Al A
doll FAIZ =33)o] 10% o) FARI) e 7
= Ao ALste AldEES I1F 7 8 vk o]
Aoz o] BT 4 IF0 R rth TAEEE
U IREFE 717 g (carrier A4 °F 05%
ATy IR 0.9%m/V) NaClg-ao 2 0.02 IU/
mi~0.16 TU/ml F= AlelolA] 2 v &A% FAJst
2 50 gAoT mEr) 2 FEe BFEAv HAg
05 mM Zt 250 FH & Fell 7 ARE AR
e 2 ¥, 4 U7 T3lFAL §iTh HE FAE 16
Azt o]F FAE A Al A FAE W @G

AS7hE W O gt} HF FAF 24 ARt ol F
HA510] HskpAlZE dolls Fs AlgATelA A
93}, AAE AR o7 Fo Ayl F3i),

AFEoeREAN Yo BE HojAzHE v Ay
AT (raw data)s FA38lo, 2k AEAIA #|Ee A
A 3 lE AR == A9 U TRl ARE
o] A2 48 Syt Addne] A
72 7t Ao 2 HFE B T3
of, Exo] Uehd 484 Lab HEE &4 glo] ¥
2oz dst A4 mso)ut

dEEny { 0

OFYM AIH

FH EFF A BIHE s K el
¢] SE-HPLC ZAFEFg )= F8 EZFFo] -20°C,
20°C, 37°ColME - g5 FAEFEES 7t
ALl FARIIA, 45°Cl] A BiE B¢ AvtER
A gk ggo) ZA Zaste] Az 0.79%

+ & HoFAcHTable I). RP-HPLC(Fig.

TO :85 00130

L

JRtR RN

o i ' T amin " 2.
Fig. 1 - Analysis of the candidate KFDA refereqice starr
dard for somatropin (KS 98/674) by size-exclusion
HPLC. The somatropin preparations were com-~
pared with the 1st international standard (IS) for
somatropin 88/624 to assess the stability of 98/
674 using the method described briefly in
“Experimental Methods”. 98/674 ampoules were
held at -20°C, 20°C, 37°C, and 45°C for 137 days.
Chromatographic conditions are; column, hydrop-
hilic silica gel (0.30 m X 7.8 mm ID); mobile phase,
3 volumes of 2-propanol and 97 volumes of 0.063
M phosphate buffer (pH 7.0); flow rate, 0.6 mi/
min: detector, 214 nm.
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Table I-Summary of the stability data of KS 98/674 by SE-HPLC and RP-HPLC

SE-HPLC RP-HPLC
Temperature Principle neak Mi Mai Principl
NIBSC Ref. e : ciple pe: inor ain rinciple
Station (°C) ggizg‘c’e (c;) area relative Impurities  Impurity Peak
y © to 88/624 (%) (%) (%)
98/675 Frozen Baseline 1.038 0.27 1.253 4,21 1.02 94.77
98/674 -20°C 1.031 0.76 1.147 3.91 1.53 94.56
98/674 +20 1.030 0.72 1.482 5.04 2.16 92.80
98/674 +37 1.042 0.01 0.739 22.16 23.04 54.80
98/674 +45 0.796¥ 0.21 0.008” 1.74 0.29 97.97
Resolution Solution 37°C, 18 hrs, — 5 0.04 0.859 12.51% 4.55% 82.94%

RP-HPLC; 56°C, 3 days, SE-HPLC

The 98/674 preparations were compared with the 1st international standard for somatropin 88/624 according to ‘SE-HPLC
and ‘RP-HPLC' in Somatropin, '99 EP. 873, which are described briefly in “Experimental Methods”. All ampoules were held

at the respective temperatures for 137 days.

3 Ampoules held at 4+45°C produced principle peaks which were not identical with those for somatropin; the retention time
was 13.79 minutes, cf. range 14.79~14.84 minutes for all others.
YAmpoules held at +45°C produced principle peaks which were not retained, and the peaks at the expected retention times

are taken only for reference.

PAth € ABSOMAERN2ASIWEY
#rom uy 0COB2

Wl

To . W ooz

Resolution solusiors

98/674¢-20°C)
83624 . 20°)

0

0. »min 40.
Fig. 2 — Analysis of the KS 98/674 by reverse-phase HPLC.
The somatropin preparations were com- pared with
the IS 88/624 to assess the effect of storage at
various temperatures using the method described
briefly in “Experimental Methods”. The chro-
matographic conditions are; column, butysilyl
silica gel (0.25 m X 4.6 mm ID); mobile phase, 29
volumes of propanol and 71 volumes of 0.05 M
tris-hydrochloride buffer(pH 7.5); flow rate, 0.5
ml/min, detector, 220 nm.

2) Ae FR EFES 45°ColM ARENE B
oAgst A oo RAHUOWE 2077 A4
718 Ba=ES) -20°C, 20°C AAzA = Al
o] fAIFkL B = glon, 37°CoME A
Fhow BBl AYEAUSES HoIFth(Table ID).
3 SE-HPLC(Fig. 1) % RP-HPLC(Fig. 2)9 2%}
v FHIEFE] FAREFR g F o =20}
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Table II — Determination of somatropin content by size-
exclusion HPLC. (Laboratory mean estimates
and overall mean estimates in mg/ampoule)

KS 98/674 IS 88/624
Lab code
Total protein Somatropin  Somatropin

Lab 1 1.96 1.95 1.94
Lab 2 2.02 2.02 1.96
Lab 3 2.02 2.00 191
Lab 4 1.97 1.97 1.94
Lab 5 1.94%* 1.89** 1.93%*
Lab 6 2.03 2.03 1.96
Lab 7 2.01 1.99 1.93
Lab 8 2.11 2.11 1.98
Lab 9 1.98 1.97 1.94
Lab 10 2.03 2.02 1.98
Overall mean 2.01 2.01 1.95
SD 0.0445 0.0472 0.0232
RSD(%) 2.21 2.35 119

**The results were excluded from the calculation of
overall mean due to nonreproducibility (1.89 compared
with 2.01) with those of other labs.

Somatropin content and protein content were calculated
from the assigned content of 2.0 mg/ampoule of soma-
tropin IS (88/624).

Somatropin content of 88/624 (mg/ampoule)

_monomer peak area of 88/624 X 2.0 (mg/ampoule)
total peak area of 88/624

Total protein content of 98/674 (mg/ampoule)

_total peak area of 98/674 X 2.0 (mg/ampoule)
total peak area of 88/624
Somatropin content of 98/674 (mg/ampoule)

_monomer peak area of 98/674 X 2.0 (mg/ampoule)
total peak area of 88/624
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¥ e HAFL Qih $EEFEES] IEE SDS-
PAGE Peptide mapping AT H= ArnlEE 0|

RIEHANA] F2)E A FREFES 45°C] A
’SFO}ME AT FA BFF vlsle] 3/3e] ZAl
Fo] Fedl oS FRAFFOE Ay 97
°| sodium bicarbonate”} H7}Eo] Qlojx ZFAE
T2 SRS o FriEHAYE FYAY z)e)
oA 7IAEE RoE Hel), ojite] Ax FHEF
2 desid 5~10drkt AvtEEw Wk &
Zol A7 4o 5 Qlovt, EEEY A3z
(-20°C oJshelA] REE 29 FE3] st A
¥k

rlo

SE-HPLC 0| 28t Anl==W &g

'99 EP, Assay ﬂ—‘i] size-exclusion HPLCHol u}
13]' AvtERE A EEE(88/624)S Efﬁ (cahbratlon)
= Y% dxFor /\}*%0}051 KFDA 31 ¥53(98/
674)°] mg FFS TEIV) *ULED’J-J g o
P*‘;—C’*? HIMPIME BojFERe] AnjEay
TR BAH we g2k 4= ok EP
oﬂ/ﬂ iw}Eim g% i SE-HPLC e 211 9]
£, o]3 tiREe] u=tA) BaAE(, desamido,
oxidized T)2 &4°] Sl Whd, oA (dimer), B
o}2] (aggregates) T A& el(cleaved form)y= &
“go] ZAdErh= Ao| ¥ex 7] wiiolt). W’ﬂ

APEZH TH(mg/lE)e EEo Eole F
uual-oﬂ/\—] o]akxﬂ D.] 1:-1013]& 21]9,] _/lk_u}.E_—i.uJ 1:]-
2] g=Fo =z Falict. & SE-HPLC I=vtE
oflx 5117*1]“1“«] % 93 839 2.0 mg protein/¥
ol gt FREFES] F JEL Ha3 AnfEgd
@234 13 “"]ix—]]i"rﬂ FHEFE F izl
2 ArEZA(DEA]) TS ?0}9&'4. Z} Ag e
A o AvtER §9Fe] Pk, AAHY Faat
3 BAE Table Holl Uehigich. SE-HPLCH| <j%t
FAREE 88/6249) AvIERW FHES 195 mg
E2 7o Fa, FEREEEY AviEEd g
T %&Pé FH 201 myRER FTYSA et
FEo] WY eTEE BT A8 A7)
J#XP— EO:] T JNESZHEARSD)E 582 =
© HAUY duiEEasl 2~3% HY ol &3
£ £ F AUo} Lab 59 Ak A Adale)
BaglA Blad A Hout xA BFeH At

ol At
'99 EPe| 5P resolutionf4S wE7| 91y
ﬁ‘%ﬁ 50°Cellx 12-24 APP ‘:01 1~2%2] o]
£ A o), FREFES] A of) uE
} Erae Tk Q?ﬂéﬂrﬂ]/ﬂlx{ HolFRo] =4
EFFO vl TERF B4E ko] H7) gie)
TRUEFEOT resolution §HE 7S AH-oll= 99
EP " ETH= oF 55°CellA] 3% ol Wx|shs Zo]

Frh1 BojzTt,

UV & AHER0 ot CHYR &2F

'97 USP Pharmacopeial Forum?] 4ArlEZH ol
4 d%F 240 we} 280 nm ﬂﬂoﬂﬁ FHeot =
gt & 2 320 el FREE FIo] 3AgaEx
(Apax— A3/0.82) T2l we} Tl s 1315
ok 70 AEAS] Begh @ AAFFEE Table I
of Yehilt}. UV &4 AFER) o3t Fnu
98/6749} A FFFE 886249 WA S %
1.97 mg/AZ=E SE-HPLCe 23t 33t A9 dxg&
Ho] Fct

Table III — Determination of total protein content by UV
absorbance spectroscopy (Laboratory mean
estimates and overall mean estimates in mg/

ampoule)
Lab KS 98/674 IS 88/624
(mg/ampoule) (mg/ampoule)
Lab 1 1.988 2.020
Lab 2 1.965 1.961
Lab 3 1.978 1.981
Lab 4 1.960 1.920
Lab 5 2.040 1.967
Lab 6 1.929 2.078
Lab 7 1.940 1.935
Lab 8 1.950 1.950
Lab 9 1.979 1.947
Lab 10 2.003 1.950
Overall mean 1.973 1.971
SD 0.032 0.046
RSD(%) 1.643 2.357

UV absorbance test was performed according to ‘Content
of protein’ in Somatropin, the USP Pharmacopeial Forum
volume 23, number 5, 4668 (97. Sep.-Oct.). Samples were
dissolved by adding 2.0 m/ of 25 mM Phosphate buffer to
each ampoule. Protein content was calculated by the
formula 2.0 X (A,,,—A3,,)/0.82. Protein content of 98/674
calculated by SE-HPLC was 2.01 mg/ampoule.
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EX B8 (Higher molecular weight impu-
rities)

99 EP Assay 9] SE-HPLC ¥hie] ule} Fu]3
(FEADHE ALF O 28 yauge) g8 & v
Ao tigt % o2 TR EeES] gES T8
th 7t AgAle] Fagd) 1A Haaks Table Ivel]
Yepligith. 182 £ ¥ FEEEEY A
$ 039£026%, =AEFEY AF 2421094%% T
BEERO] FAREE gl &7t o 2 A
22 Jepdt). Lab 59 A5 e A8 kel vlsle
AP} A8l A Hak AltelA A glsisich

202 {9 CHEZE (Related Proteins)

2PEZ A desamido ¥ oxidized form¢] 3
£ '99 EP9| reverse-phase HPLC wWigel uwel &
At 338 Aol vt AvlER F 30 ¢
A4 = 3 A2 &5 Tl F 93 HA
it BlE %y BT U] A A 1~3
A8 A=ZE ke A 747 Ha A

Table IV — Determination of high molecular weight
impurities (%) by size-exclusion HPLC and
related protein impurities (%) by reverse-
phase HPLC (Laboratory mean estimates and
overall mean estimates)

SE-HPLC

RP-HPLC

Lab code Dimer+Polymer (%) Related Proteins (%)

IS 88/624 KS 98/6741S 88/624KS 98/674
Lab 1 3.10 0.77 3.15 2.45
Lab 2 2.05 0.18 4.50 0.98
Lab 3 3.58 0.80 7.05 240
Lab 4 3.02 0.19 2.22 1.99
Lab 5 3.34%*  2.69** 440 4.31
Lab 6 1.49 0.10 213 0.04
Lab 7 3.31 0.57 3.10 2.78
Lab 8 1.28 0.30 - -
Lab 9 2.81 0.32 8.55 3.17
Lab 10 112 0.28 2.13 1.03

Overall mean 2.01 0.39 4.13 2.13
SD 0.9419  0.2604 2.2894 1.2930
RSD(%) 38.97 67.16 55.38 60.81

**The results were excluded from the calculation of overall
mean due to non- reproducibility (2.69 compared with
0.39) with those of other labs.

—The results were excluded from the calculation of
overall mean because the data were not acceptable due
to the lack of system suitability.
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SDS-Polyacrylamide Gel Electrophoresis
'97 USP Pharmacopeial Forum® QA& &

(Da)
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Fig. 3 —Analysis of the KS 98/674 by SDS-PAGE,
followed by silver staining (typical picture). Elec-
trophoresis was performed according to ‘Electrop-
horetic identification’ in Somatropin, the USP
Pharmacopeial Forum volume 23, number 5,
4664 ('97. Sep.-Oct). M, molecular weight
marker; 1, control 1 (IS 88/624, 50 ng/25 w load);
2, control 2 (IS 88/624, 20ng/25pl load); 3,
standard 1 (IS 88/624, 20ug/25n load); 4,
standard 2 (IS 88/624, 30 pg/38 p! load); 5, test
sample 1 (KS 98/674, 20 ug/25 ! load); 6, test
sample 2 (KS 98/674, 30 png/38 ul load). The
intensity of the two major bands of the test
solution should correspond to those in the
standard solution. No new significant band
should be observed in the test solution that is
not present in the 38 W application of the
standard solution
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Peptide Mapping
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STEZ (Isoelectric Focusing, IEF)
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Fig. 4 — European Pharmacopoeia (EP) reference chroma-
togram of somatropin digest which comes with
the EP somatropin chemical reference standard
(CRS). The chromatogram of peptide mapping
obtained from each lab was qualitatively similar

to the chromatogram of EP somatropin CRS.

(pl)

6.55 -

5.85 —

520 .
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Fig. 5 - Analysis of the KS 98/674 by IEF ge: electrop-
horesis (typical picture). Electrophoresis was
performed according to ‘Isoform distribution’ in
Somatropin, '99 EP. M; pI marker 2.8~6.5; 1, 88/
624 (2 mg/ml, 15 i); 2, 98/674 (2 mg/mi, 15 wi);
3, 98/674 (100 ug/ml, 15 pl). No band apart from
the major band in lane 2 should be more intense
than the major band in lane 3.

MEEN &3 (in vivo bioassay)

'87 EP9 AlRAAFEZ 2R FALA Assay 39
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Hojt LAB II-testl®] k& A|&)silE 73-¢ 4did
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Table V —In vivo Bioassays (body weight gain)

Lab Concentra-tion Weight gain (g) Slope Relative potency
al
(mIU/day) IS 88/624  KS 98/674 IS 88/624  KS 98674  KS 98/674 Weight
Lab I 20 12.67 13.46
(testl) 80 21.98 21.65 14.3009 13.9354 1.11727 300.66
Lab I 80 12.8 14.08
5.0036 2.2838 1.33417 27.88
(testl) 320 15.81 15.45
80 12.69 13.38
0175 4.7129 0.99754 65.37
(test2) 320 16.91 1621 7.01
Lab III 60 9.44 11.2
13.1493 4.1725%* 1.09044 220.40
(testl) 120 135 12.5
60 12.93 12.14
8.6785 54811 0.41472 2091
(test2) 120 16.96 138
40 11.9 11.95
Lab IV 4.4638 7.1712 1.21361 108.02
(testl) 80 13.47 13.22 ’ . . .
160 14.59 16.27
40 13.59 12.82
(test2) 80 13.98 14.55 4.3802 5.1822 0.92689 65.27
160 16.22 15.94
Weighted geometric mean of all estimates 1.07
Lower 95% limit 0.92 809
Upper 95% limit 1.26
Omitting invalid assay 1.07
Lower 95% limit 0.89
Upper 95% limit 1.29

**Significant deviation from parallelism

The potency of KS 98/674 relative to IS 88/624 was estimated by the weight gain bicassay in hypophysectomised rat which
is described briefly in “Experimental Method”. Log dose-response lines did not deviate significantly from parallelism
except in Lab Il-testl, or from linearity in Lab IV(the only laboratory with tests for linearity).
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