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1) RIREENE : TR 15 SE B ASEEAIRSTIL SIRENG ITHEORIS : SR, 62, 288 ~201 (TEFILT). 4%
IREERS « BATIE(LAESE, 15, 73~92 (MBF118). 2) ZEM 1 : JulliBEZEsufst, (MEfn2s). 3) I H. W.
Dudley: Bioch. J. 18,665 (1924). 4) H. Jensen, O. Wintersteiner, E.M.K. Geiling: J. pharm. Ex.
‘Therap. 36, 116 (1929). 5) C. H. Best, C. M. Jephcott, D. A. Scott: Am. J. physiol. 100, 285.
6) FRIREEME EREEGRED : BESE L LEME, 1, 378~379 (RMN17). 7) RINEAE SEIEBORE : B L &M
%2, 1, 137 ~140 ({fn18). 8) SHBANEEERD, 816 ~819 (1953). 9) HHAVCERASERTT (FEEALD,
60 (1951).

Summary .

In Japan, the demand for insulin had become so much, increasing yéar after year that it is neccessary
to search new source. . .

The authors prepared insulin powder from the Stannius’ bodies of ”Reinhardtius matsuurae” in
accordance with Nagasawa’s method, and assayed the preparation preliminarily by a mouse method and
. "determined its potency by a rabbit method: the former gave 5.35 u./mg, fiducial limits of error 68.4
~145% (P=0. 95), the latter gave 4.5 u./mg. Insulin was prepared at the rate, 9 u. /fxsh or 143
u./g. of the Stannius’ body. . o :

From this result, we can use the Stannius’ bodies of the fish as a good source for insulin.

Received April 20,1954
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Assay of Insulin by a Mouse Convulsion Method

By Kakuma Nacasawa, Goichi Nakayama and Jun SgrizAwaA
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Table 1.' Results of Assay of the Powders and Injections of Insulin (2 and 2 Dose Assay)

o According to B.P. Vi ] Mouse number,
- No. Sample Potency ratio |Fiducial limits of error Unit/mg m (g;)o up Remark
' (R) (%)
1 A 0.89 70~ 130 6.8 24 a
2 A 0.90 37~1128 7.6 24
3 B . 1.75 55~4438 . 145 20
4 ‘B 100 93~ 136 10.7 24
5 ' B 0.24 | 56—228% 8.2 24 N
6 ok 1.48 74~ 165 4.9 24 A
7 D** 0.97 65~ 145 5.8 23 A
8 D 0.88 - 63~ 146 5.3 23 A
9 E 1.01 49~ 206 5.1 20
10 . F soln. 1.57 69~ 224 31.4/cc 20 A
11 F soln. 1.66 73~ 152 31.2/cc 20
12 G soln. 1.12 67~ 180 22.4/cc 20 N
13 H 0.78 71~ 125 3.9 24
14 i 0.82 67~ 130 24.6/cc 24
15 J 0.73 64~ 128 1.5/ cc 24
16 K 0.91 77~ 130 2.7/ cc 24
17 L 097 76~ 129 4.9/ cc 24
18 M 111 72~ 140 1.1/ cc 24
19 N 1.47 72~ 235 4.4/ cc 24
20 o 1.06 80.6~126.7 15.2 20
21 P 1.27 © 68~ 254 5.7/cc 24
22 Q 0.75 46~132 0.8/cc 24
23 R 115 69~ 239 1.2/cc 24
24 S 0.96 80~ 123 1.0/cc 24 7

Note : The temperature of Experiments No. 1~12 is 33°C+0.5°C, the ratio of doses 2:1 is adopted.

The temperature of Experiments No.

adopted.

13—24 is 385°C+0.5°C,

the ratio of doses is 2:1.2

A:The experiment was unsuitable, for the percentage of convulsed mice was either less 15% or

over 85%

* 4.2 units/mg by fhe rabbit method..
¥k : 4 5 units/mg by the rabbxt method

2. NPH4’ Y2 YIDE 'mtfzi NPHA v¥ = ¥ vI4{E T\ T2 el Table 2 12T
ENTIERRTPHIIZ & L, BYIRIRE Licd oo,
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Table 2. Results of Assay for NPH Insulin Injection (2 and 2 Dose Assay)
> ] ;

According to B.P. VI - MouseNumber
No. Sample Potency ratio| Fiducial limits Unit/cc in group Remark
(R) of error (%) -
1 1605-585703:L40u 1.15 71~153 46 24
2 2M-11896A#*:S40u 0.62 62~144 25 24
3 3626-585703: L40u 1.18 77~141 47 25 PN
4 8153-585913: L40u 0-91» 59~113 32 20 FaN
5 8153-585913: L40u 1.13 77~134 45 ) © 29 N
6 6041-585713: L40u 1.12 73~145 45 : 20 PN
7 2077-585316: Leou 0.95 52~180 76 20
8 7038-585503: L40u 0.86 54~159 34 20
9 2547-587113: L40u 0.85 64~142 34 23
. 10 502039 :T40u 1.20 73~150 48 24 PN
11 4332-591103: L4Cu 1.25 71~197 50 24
12 2068-597706: L80u 1.11 71~159 89 24
13 3011-600513: L40u - 112 76~151 44.8 24
14 3008-6900506: L&0u 0.97 66~146 77.6 24

Note : The temperature of Experiment No. 1—10 is 33°C£0.5°C, the ratio of dosesis 2:1 adopted.
The temperature of Experiment No. 11—14 is 35°C#0.5°C, the ratio of doses is 2 : 1. Ssadopted.
A ‘The experiment was unsuitablle, for the percentage of convulsed mice was either
less 15% or over 85%. \

* 44 units/cc by the rabbit method. -
3. /REY -ER- -4 vya Y VEFEROBERE  AROBMRECRIVENY T, FOIRE R L
DRI L, Stewart, Smart 20X =t 2y MC X BHEHRRRELIRE LTV, BRO4 v v= Y v
TR IV C X OREE ¥ CHRADHEMNEN TE 2 %HER Lc 161% Table 31R L. '

Table 3, Result of Assay for Globin Zinc Insulin Injection (2 and 2 Dose Assay)

According to B.P. VIII Number of mouse
Sample Potency ratio |[Fiducial limits of Unit/cc .
(R) error % in Group
G-283A 40u 0.96 71~138 38 ‘ 24

Note: The temperature of Experiment is 33°C1+0.5°C, the ratio of doses : 2:1.
4. EEAE, HERRCI1H8ho<y REAR2-2HERED "HE02HRAE" l:@i%%?@:%’fﬁﬁﬁﬁ%"
£0.5% FHRM2:1, 1TEEO~Y <320~24 TSTFF07 20 HLLEOSHACEAEED EEEIE, I\ 5T
“71.1~134 %, FEL T 55.0~44.38 % Tk o7z, Table 4 150X\ fl%, 55T HlemT.

Table 4. Experiment at 33°C (Dose Ratio is 2: 1) (According to B. P. VII)

Dose Number of | Number of |Percentage of| prohit Weight factor
Samle ce unit animals convulsed convulsion )
‘ (n) animals (r) P (%) (Y) (w)
J.P. Insulin 0.35 0.047 24 6 ‘ 25 4.33 . 0.540
Standard 1 0.35 . 0.095 24 16 67 5.44 . 0.593.
Insulin powder | 0.35 | 0.0055mg 24 3 13 3.87 0.395
from whale 0.35 | 0.0110mg 24 16 67 5.44 0.593
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I (log Dose ratio) =log2/1=0.3010, V=0.8878, b=4. 45, M (log potency ratio) =71.9483,
R (Potency ratio) = Anti log M=0.8878, g=0.169
log (fiducial limits %) ==1.8517~2.1273, Fiducial limits of error="71. 1~134.1% (P=0.95)

Table 5, Experiment at 33°. (Dose Ratio is 2: 1) (According to B.P. VIII)

Dose A

Sample cc u n T % Y w
J. P, Insulin 0.35 0.047 20 6 30 4.48 . 0.576
Standard 0.35 0.095 20 10 50 5.00 0.637
Insulin powder 0.35 0.0057mg 20 9 . 45 4..187 0.632
from whale 0.35 0.0114mg 20 15 75 5.67 0.540

1=0.3010, V=0.0839, b=2,19, M=0.242,R=1.746,¢g =0. 741
log (fiducial limits %) = 1.7402~3.6472, Fiducial limits of error==55.0~4438% (P =0.95)

SEMEEE35°4 0,5%, FEEMN2 1 1, 1o~ 2 33 20~24 TG0 SRR TR 2 OB 0 EHRRI, X
T 73.1~150 %, B\ ITC 4.6~127 % T Dz, Table 6 12X\ %, Table 7 REWFlamT. nisiEiko
Table 9 HhBHEI i\, :

Table 6. Experiment at 35° (Dose Ratio is 2:1) (According to B.P. VIII)

. Dose
Sa@ple ce unit n r - % Y LW
J.P. Insulin 0.35 0.026 24 13 54 5.10 0.634
Standard 0.35 0.052 24 20 83 5.95 0.455
NPH-Tnsulin 0.35 - 0.026 24 12 50 5.00 0.637
Injection 035 0.052 24 23 96 6.75 0.194

1=0.3010, V=0.0868, b=4,32, M=0,081,R=1,205,g=0.198 L
log (fiducial limits %) =1,8641~2.1757, Fiducial limits of error=73.1~149,8% (P=0.95)

Table .7. Experiment at 35° (Dose Ratio is 2:1) (According to B.P, VIID)

Dose )
Sample ) cc unit. n r % Y . w
J. P.Insulin 0.35 0.026 20 8 40 4.75 0.618
Standard 0.35 0.052 20 13 65 5.39 0.603
NPH-Insulin 0.35 0.026 20 12 . 60 5.25 0.623
Injection 0.35 0.052 20 14 70 552 - 0.578

1=0.3010, V=0.0826, b=1.53, M=0,2091, R=1,618, g=1.509 i
log (fiducial limits %) =0.6584~2. 102; Fiducial limits of error=4,6~127% (P=0.95)

EIL{EEE RS TSRO EEBRRO L - FROMANE b b uls .,
REAMREE 35°:£0.5°, AR 2:1.2, 1§D <Y RE U VoL KRR TR, RIREORED FHHI 80
~125% (P =0.95) SICABZEEREShi, Table 8 K% DRFERT.
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Table 8. Experiment at 35° (Dose Ratio is 2 :1.2) (According to B.P.VIII)

Dose
Sample cc unit S r % Y ow
J. P, Insulin 0.35 0.42 24 15 63 5.33 0.611
Standard 0.35 0.72 24 21 88 6.18 0.377
J.P. Insulin 0.35 0.35 24 8 29 . 445 0.570
Standard 035 059 24 23 96 6.75 0.194

1=0.2219, V=0.095, b=7.12, M=1.9775, R=0. 950, g=0.146
log (fiducial limit %) =1.9038~2. 0884, Fiducial limits of error=80.1~122.6% (P=0.95)

1D <7 Af% 52 7L & LTFTOR KERIER % Table 91RT.

Table 9. Experiment at 35° (Dose Ratio is 2 5 1.2) (According is to B.P. VIII)

R Dose
Samp e cc unit n r : % Y w
1.P.Insulin 0.25 0.060 52 11 21 4.79 0.500
Staridard . 025 0.100 52 31 60 5.25 0.621
J. P. Insulin 0.25 0.066 52 14 27 4.39 0.581
Standard 0.25 10.110 .52 34 65 5.39 0.602

1=0.2219, V=0.0334, b=4.64, M=0.0366, R=1.087
g=0.121, log (fiducial limits %) =1.9214~2,0886
Fiducial limits of error=83,4~122.7%

5. 3I3BEkE RIHEH-BZTHEV, FEX2 : 1.2, 1#ho~<y ¥ 3075 C, KEREEEY 30 °X0°35°
TFFots 33 FIRMEEE Y T Fh Table 10 X0 Table 11 1573, F#h bl L 51230° Ty 4 v v/
BRTEIIE L, ECHRORMMY LR MERETERVH, 3B5° TR IR EX 52 L5 5, Fig.l
BE). 3—3 FEMREOHIHNC DL -T2 Gaddum2 73 LT\ 5 ke X ot ‘ : '

i

Table 10. Experimént at 30° (Dose Ratio is 2:1.2)

) . Dose
Sample cc unit . n r % - Y oW
J.P. Insulin 0.25 0.025 30 6 20
Standard 0.25 0.015 30 0 0
(1) 0.25 0.009 30 0 0
J. P. Insulin 0.25 0.0275 30 7 i 23
Standard 0.25 0.0165 30 2 7
(1) 0.25 - 0.0099 30 0 0
’ ' . 21)
Table 1{1. Experiment at 35° (Dose Ratio is 2:1.2) (According to Gaddum)
Dose
Sample cc . unit n r’ % Y - w
J. P.Insulin 0.25 0.025 30 21 70 5.52 0.576
Standard 0.25 0.015 30 12 40 4.75 0.622
I 0.25 0.009 30 ’ 6 20 4.16 0.473
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Dose
Sample ce unit n r % Y w
J..P.Insulin 0.25 0.0275 31 23 74 ’ 5.64 - 0548
Standard : 0.25 0.0165 30 9 30 4.48 0.576
Nt . 025 0.0099 30 7 23 426 | 0508
I=log 2/1.2=0.2219, V=0.0594, b=3.11, M=0. 006,
R (potency ratio) =Antilog M=1,014.
Validity test )
Index Variance S.D. t P
Parallelism G=0.01 V=0, 0594 0.244 0.04 0.9<
’ Hi1=0.72 _ 1.21- 0.2~0.3
Curvature  y _po'yg  6V=0. 3564  0.597 {0_ 30 0.7~0.8

Errors
| 2=0.322, P=0.95, t=1.96, g=0.12
Fiducizal limits of M=7.9544~0, 0578

Potency of J.P. Insulin Standard (II) is 101.4 (74.7~128.2) % of expected potency (P=0.95).

Fiducial limits of error =73.6~136.3%

Table 124 3—3HEHEFITH . (Fig. 28R)
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Fig 1. From data of Table 10 and 11

—— : Result at 35°
e : Result at 30°
@ A : Probit ratio
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Fig 2. From data of Table 12
® : . J.P.Insulin Standard prep. I
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Table 12. 3 and 3 Dose Assay
Sample 1()o)se r n | P(%) Y Sum l w nxw
T —
J. P. Insulin 0.1418 22 25 88 6.18 0.377 9.425
Standard 0.0945 17 25 68 5.47 16.50 0.587 14.675
I 0.0630 11 25 44 4.85 0.631 15.775
J. P. Insulin 0.1292 19 25 76 - 571 0.529 13.225
Standard 0.0861 13 25-. 52 5.05 14.92 0.635 15.875
I ' 0.0574 5 25 20 -4.16 0.490 12.250
I1=0.1761, V=0.076, b=4.09, M=0.1296
R=Antilog M=1,348
Validity test
Index Variance  S.D. .t P
Parallelism G=-0.11 V=0.076 0.27 0.41 0.6~0.7
H1=0.09 - 0.14 0.8~0.9
Curvature H1=099 . gv=0.432 o0.66 {334 0-809

Errors

A=0.2445, P=0.95, t=1.96, g=0.133
Fiducial limits of M =0.0282~0. 2786
Potency of J.P. Insulin Standard (II) is 134.8 (106.7~190.0) % of expected potency ((P=0.95).
Fiducial limits of error=79,2~140.9% ’ |

)

6. SESR B & SO EEM O MEI 0 EDS0 {§ & 2 0EHRA « HEEHR 6 HEL ., FRIREESs+
0.5° FAEEL2 : 1.8, 17RO <7 B 25 TE TRV OOPERY Table 13 IZ/RT (Fig. 32H1).

Table 13
Dose og Dose XNumber Empirical | Expected
. 100  of Mouse Probit Probit ]
(unit) (x) n) r [P (%) (Y) nw v nwx nwy
0.0574 0.76 25 5 20 4.16. ‘ 4.4 13.950 4.18 10.6020. | 58.3110
0.0630 0.80 25 11 44 4.85 4.6 15.025 4.86 12.0200 73.0215
0.0861 0.94 25 .13 52 5.05 5.2 15.675 5.05 14.7345 79.1588
0.0945 0.98 25 17 | 68 5.47 5.3 15.400 '5.46 15.0920 84.0840
0.1292 1.11 25 19 | 76 5.71 . 5.9 11.775' 5.69 13.0703 66.9998
0.1418 1.15 25 22 88 6.18 ;6.0 10.975 6.16 12.6213 67.6060
 Total | s2800 | | 781401 l 420.1811
1/Snw=1/82.8=0.0120773; x="78.1401/82.8=0.9437
y=429.1811/82.8="5.1833.
Snwx? Snwxy Snwy?
75. 3366 411,6623 2255. 1569
73.7425 405. 0274 2224. 5954
, Sxx=1,5%941 Sxy=6. 6349 Syy =30.5615
: , ' 27.6155

b=Sxy/Sxx=4.1612; V(b)=1/Sxx=0.6273

The Regression equation is

Y=¥+b (x—%)=4.162x+1,356

 * ‘
2. 9460<— X242,
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log ED50=X+ =0, 8997

5-y
b

< ED50=0.0794 unit (=3.787)
(1.96)2x0. 6273

g=t‘3(Vb)/b2=———(z_-162—1);—— =0.139
‘log fiducial limits (g2>0.1) =
g (o_= t 1-g (x—%)?
x+ 1—1;(‘X % £ pa-gV saw T Sxx

. = 0.8926+0.059 = 0,8336~0.9516
Fiducial limits = 0.0682~0, 0895u (=3.25~4, 267)
- Fiducial limits of error=85,9~119.8%

Note : ® As the value of x2c4) (P=0.95) does not exceed 9.5, there is no suspicion of non-linearity.

CEERL T
1 BRERR EUEMREE TS Y A v
T, FREBRERLPHEREL, THH O RIIEE
SO —EE B CHE SN X OTIRIRESIZE
DRl bbb, & OESDBREIAERARE20%1!
Mo OxREE L UTERT 500 I Th ok,
SRR OB X oT, BEO B, ST
VI Gl — R BRRE D {EIHIR R = 80~12596(P =0. 95)
x S PER LTS, BEHZORBRICIS L, BHELK
40 , L L FROHAEROL 52 ¢ 1 CIRETRRACAS
o7 @8 03 10 11 12 L REHTHADT, FOME2 1122 LT, Lk
—> Log Dose . o . _ o
LEERRIESS® & LT CRECE ERIRSA S
HiLs (Table 8). L LZ DEERTIL 7 A4 v vERH
Fig 3. From Data of Table 13 85911 £ G2 5, 88%3U296% L5 X 3 IIEHIA
R THENNC 3 5 DT, Probit ZH, WARIER LT, log MK X0 TEIITHIEHD TIIOML0.83I L »
0.89 L\ 3R bR S, HEOEARARICANS DT 1 EhO < v A3 % 5218 (A5 208 TL) i
Fug, —ERS LS (Table 9BIR).
2. 3—3MERERELE, —HERRENTE o
3. BEES 6 R T EDSO E1 0% OERA LR 5 &, ED50=0.0794H41 (=3.787), BRI
=85.0~119.8% (P=0.95) Tl '
4. DLEDHIEN DL vy 2 Vv ORE, FCTFRRLLT, ~YROr A v vEERRATE D Z Lo o
ot UMIBEDR, R CIREIRICH LTAS iR 52 5 X 5 IR T2 L 2 ER L his by,
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1) " (FEER), 59. 2) KE XIV. 29. 3) EHfF. 4) 3% VIL 278, 817, 5) A.M. Hemmingsen,
A. Krogh : Pubs. League of Nations 11l, Health, 111, C. H. 398 (1926). 6) A. M. Hemmingsen : Quart.
J. Pharm. Pharmacol. 6, 39, 187 (1933). 7) A. M. Hemmingsen : Quart. Bull. Health Organisation
5, League of Nations, Geneva, 589 (1936). 8) J.H. Gaddum : Med. Research Council (British) Special
Repts. Ser. No. 183 (1933). 9) H.P. Marks, C.k: Quart. Bull. Health Organisation, 5, League of
Nations, Geneva, 631 (1936). 10) C.L Bliss: Ann. Appl. Biol 22, 134, 307 (1935). 11) H.P. Marks:
: Quart. J. Pharm. Pharmacol., 13, 344 (1940). 12) % VI, 788. 13) J.H. Burn, D.J. Finney,
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L.G. Goodwin: Biol. Standardization, Oxford Univ. Press (1950). 15) D.J. Finney: Statistical Method
in Biological Assé.y, C. Griffin (1952). 15) C. W. Expmens: Principles of Bioassay, Chapman Hall
(1948) ; Hormone assay, Academic Press (1950). 16) C. I. Bliss : Statistics of Bioassay, Academic
". Press (1952). 17) P. Gyoergy: Vitamin Method II., Academic Press (1951). 18) Y. Ito, B. Tamaoki
. and H. Sakamoto: Pharm. Bull‘L 236 (1953) 19) & VHL, 819 (1953). 20) G.A. Stewart, J.V.
Smart: J. Pharm. Pharmacol., 5, 939 (1953). 21) J. H. Gaddum : J. Pharm. Pharmacol., 5, 345
(1953). ,

Summary

1. The assays can be carried out within the limits of error 80~125% (P=0.95) in a (2 and 2) dose’
assay when the temperature of the experiments is 35°C, using 24 mice per group (96 mice in all), ado-
pting 2 : 1.2 of the ratio of doses. If 52 mice per group (208 mice in all) are used, the assay may
with ease be carried out within the above-mentioned limits of error. 2. A 3 and 3 dose assay is
carried out with more accuracy than a 2 and 2 dose assay. 3. ED50=0.0794 units (=3.787) was
calculated, from 6 dose levels for J. P. Insulin Standard Preparation (the limits of error is 85.9~119.8
%, P=0.95). 4. These data showed that the mouse method may be adopted in the assay of insulin,
especially as its preliminary test. But it should be remémbered that this mouse method gives a higher
value than the rabbit method when the samples are in low purity. ’

In Japan, authors have been assayng imported NPH Insulin Injection by mouse method since 1952. Ito, .
‘ Tamaokx and Sakamoto reported in 1953 on the mouse method of assaying insulin, but their result is
unsatisfactable, for the fiducial limits of error is larger than that of B.P. regulation. '

' Received April 20, .1954





