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Abstract

Biological methods are described for the assay of certain substances and preparations whose potency cannot
be adequately assured by chemical or physical analysis. The principle applied through these assays is of a
comparison with a standard preparation to determine how much of the examined substance produces the
same biological effects as a given quantity (the Unit) of the standard preparation. In these dilution assays, to
estimate the relative potencies of the unknown preparations to the standard preparations, it is necessary to
compare dose-response relationships of standard and unknown preparations. The dose-response relationship
in the dilution assay is non-linear and sigmoid when a wide range of doses is applied. The parallel line
model (applied to the dose region with the steepest slope) is used to estimate the relative potency. In
this paper, the statistical theory in the parallel line model is explained with an application to a dilution
assay data. The parallel line method is implemented in a SAS program and is available at the author’s
homepage(http://cafe.daum.net/go.analysis).
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Figure 1.1. (A) Dose-response curves of Standard(S, grey) and Test(T, black), (B) Dose-response curves on the
log-dose scale
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Figure 2.1. The parallel-line model for a 3 + 3 assay
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BT 94 2% A8 AT SI (Leo, 2011)
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Table 2.1. Formulae for parallel-line assays with d doses of each preparation

Standard (S) Test sample (T)
M
(owest dos) 5 n
M
(ond dome) s 1,
(bt oy 54 T
Total preparation Pg=S1+Ss+---+854 Pr=Ti+Ts+- - +Ty
Ls = Ly =

Linear contrast 1 1
181 +282 +---+dSq — §(d+ 1)Pg 1Ty + 2T + -+ +dTy — §(d+ 1)Pr

Table 2.2. Additional formulae for the construction of the analysis of variance
n 12n n(Pg + Pr)2
Hp = — HL — K= ( S T)
d d3 —d 2d

Table 2.3. Formulae to calculate the sum of squares and degrees of freedom in the ANOVA table

Source of variation Degrees of freedom Sum of squares
Preparations 1 SSprep = Hp(Pg + P%) - K
Linear regression 1 SSreg = 5HL(LS + LT)2
Non-parallelism 1 SSpar = H (L% + LZ) — SSreg
Non-linearity 2(d —2) SSiin = SStreat — SSprep — SSreg — SSpar
Treatments 2d — 1 SStreat :n(Ser---JrSngTf+---+TdQ)7K
Residual error 2d(n - 1) SSresid = SStot - SStreat
Total 2nd — 1 SStot =D (y — Q)Z
Je)m, BAEAES Toke Bad 27149 52 Table 2.29) 2o TaTh W7ol FuEL
ZF 2 9lof| 2] 38t A|F&H(sum of squares)$} ZHx}(resudual error) ] AlFEo g o] Table 2.33}
Tol BAEARE TAN) A8 ABTELS ALT 5 9tk o] Tableol A gi= 514 AHoIA 259
BE R3] Folth. of7]ollA] 37 o]4e] 34 o] Ql(d > 3) AFAG AT SS,ey 7t ALE
A
Table 2.1, 2.2, 23& BARAEE AFH Z2IRL ol§3e] FHeT] AT WEIA Lol

Table 2.3° 4] Residual error+= Total A3 o|A] Preparations, Linear regression, Non—parallehsm,
Non-linearity 2] Al F&E=S T3t 742 Treatmentse] AF3-S WA AAMETHE 22 & 4 Utk
2R EE 4 AFEE 8ok AHFEE Vo] H Al (mean square)S 78 T, 19 I
kel HF AF(s)ol e HlE, & FEH(Fratio)S 73}t o770 JAxte] B AFL A AF
3}H(residual sum of squares)S Zr2le] AFFEZ Ui Fholal, FEel oL FEXRLV AFH =2
I3 o] §3te] ek

ARGl ATt T RAES wESoHE AlE AUt BAIFSE EFdSti(statistically valid)
Boaict ehdAe] 202 7)F (pvalue) ©.2 0.05 Ei 0.01S ARGaTh

]-J Ar
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1) 4337 (linear regression) o]l &gt WE o] sttt & p-valuert 0.05 (E+= 0.01) Ko} =t}
2) ¥ 34 (non-parallelism) o] &5 WFo] F2]3H4] ekth. F p-value7} 0.05 (=& 0.01) 2t 2ot
3) H]A1¥ (non-linearity)ol] &g+ W-5o] FJ5HA] ¥t = p-valueZ} 0.05 (& 0.01) 2t} It
A A A5 AR A7 BAA BHRAS S5 uf o3 22 o g A Tke) Ag T
e & 4 9k dAe A £2S J&olA 17} Q43 20 HE3) 34 3 Abo]9] Xfo]
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C = SSreg/(SSrey — *t2)O1T V = SSyee/(b2dn) 2 w T} Ao oz
Sk

CMp +1,/(C — 1) (CM;? +-2V),
o] 719l Al t= Table 2.3004 AMbE FAte] At E& 2kt A A= F31] p-valueo] 3 Fdh= &
CESOES
3. HE Akl

B RN AT B4 AIQ ARE PELElA Agste] Nzl RS gt AR O TR
EF 303 3 ol TAZEE ] GHDIE AAS) fsiel, o) ALY w39
#e 39

L

ZF AA 3 Akz o)t} Figure 3.12 B 3|4 A3 x| A8 g5Fo] M oA 5018 24

sigmoid 49 FeUS & = vt 28|, 7Rule] g8 HYANAY F7tEEE (Test) T A
EFF(Standard) 9] S-S BA= FAF Yo7 epdS o 4 girk

o] A AJE AEE SASE o]L35lo] o Fof] AHE HPA B EA A BA

A 2o EAA O_JM EAL 322 SASQ GLM procedure® e 4= it}

ek

+ A, B

)
H
rulo

proc glm ;
class preparation DoseLevel ;
model Response = Preparation LogDose Preparation*LogDose Preparation*DoseLevel /SS1 ;

run ;

of 7)ol A ¥4 PreparationS Z71EFZEL ‘Test'E FA|REEZL ‘Standard’E zH= W0l 11, 523}
& W9l LogDosex analysis of cavariance molde?] &% & (covariate) & A% 9111, DoseLevel 2
LogDose2} 2+ 2 zt1 3|4 &g FEst= 13y 282 AFEE T Table 2.32 1 Non-
linearity 2] A|582 AA| treatments®] A5 3o A] Preparations, Linear regression, Non-parallelism
o AIBHES A T8 5 UL L 5 Uk B, FARAS 7] A3 2} 2] o ATHE
F& ] SS1(type I sum of squares)E AE]3lo] 23 (model)o| A ol U2 291 tfdt A3 Al
o ARRI AFES ABSIAT.
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Figure 3.1. Dose-response curves of national standard(Test) and international standard(Standard)
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Figure 3.2. Dose-response curves in a range of doses where the curves are linear

SAS GLM procedure®] ZAi=z yehtles BEAREAFA 29 LogDose, LogDosexPreparation,
Preparation¥DoseLevel2] A58 Z}ZF Table 2.32] Linear regression, Non-parallelism, Non-
linearity©] AF3= YePAT) Figure 3.1 Uehd 34 AJ@] AA &5 HeolA FH 23S 4
23 dH g2k HAE AA S v, Linear regression®]| o3t p-valuex= 7173 22 M A Non-parallelism,

Non-linearity ol t3}t p-values 7Fg AAEE 3}
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A% A g WA 34 NP Ar2 Tahdnh. Ago] AAE 3U F 2 AR
folAe] FAREET TAREEY SIS VAL Figure 3.20) e A7 o] 3
s AABAZ Uehdth 1ea, 2R SRR ofeel 2ol f9] £F 0012 EOE HEHI

Source DF Sum of Squares Mean Square F-Value Pr>F
Preparation 1 1.06586753 1.06586753 2029.04 < .0001
LogDose 1 0.75735899 0.75735899 1441.75 < .0001
LogDosexPreparation 1 0.00016986 0.00016986 0.32 0.5801
PreparatioxDoseLevel 2 0.00564780 0.00282390 5.38 0.0215
Model 5 1.82904418 0.36580884 696.37 < .0001
Error 12 0.00630368 0.00052531
Total 17 1.83534786

Figure 3.22] 2} 3.9l A Responses A 43I+
cedure® A&l £ B33 JA ZE A
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