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EYRREE TR ST, ), HEEEOEEZO b DICERZ BV & &,
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REZBONT, FFETIE “HE” ZEEL TRREZBWNTHE NI HT2Y
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ZOZENDL, B MBI OHARRTIX, EMOHEOREIX, EEHE TR A3
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720 invivo &2 W in vitro DFEBRO L 512100 5, 1000 £5. = 512 10,000 D H &
MROFREIIRATRE TH D, EMREET BUEDEM Z 55 & Lot BE O EFEY TIE,
DT~ AT —RFEE RS TVD, ZHHOEYTIX, BARICETE L., KFHHREIC
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22. FT—IT—CDEZEDOHTOED

BEIRHEE ORI, 7 — I 7 — ¥ D2 EStatistical Methods in Medical Research, 4™ ed.
(2002) T, % 3 iDOxxFE Bioassay % 5 20 FLaboratory assays & DL AT AT L, &
DD 20.1 HiCThioassay Z it L T\ 5,

In this chapter the term 'assay' is used rather loosely to cover a variety of laboratory
studies in which specified properties of preparations are measured and -calibrated.
Biological assays, or bioassays, form an important subset, defined below. The general
principles were established mainly during the 1930s and 1940s, and the methods of
analysis developed then and later are comprehensively described by Finney (1978).

A biological assay is an experiment to determine the concentration of a key substance §
in a preparation ® by measuring the activity of @ in a biological system ®. The latter is
usually a response in experimental animals which should as far as possible be specific to S.
For example, vitamin D can be assayed by its anti-rachitic activity in rats. The biological
material may, however, be humans, plants or microorganisms. The important point is that
the system is purely a measuring device: the effect of § on @ is of interest only in so far as it
permits one to measure the concentretion of Sin @,

The strength of § in @ cannot usually be measured directly as a function of the
response, since this is likely to vary according to experimental conditions and the nature of
the biological material ®. This difficulty may be overcome by the use of a standard
preparation containing § at constant concentration in an inert diluent and maintained under
conditions that preserve its activity. The adoption of a standard preparation usually leads to
the definition of a standard unit as the activity of a certain amount of the standard. Any test
preparation, T, can then be assayed against the standard, S, by simultaneous
experimentation. If, say, S is defined to contain 1000 units per g and T happens to contain
100 units per g, a dose 10 Xg of T should give the same response as X g of S. The relative
potency or potency ratio of T in terms of S is then said to be 1/10, or equivalently T may be
said to have a potency of 100 units per g.

In the ideal situation described above, we have assumed that S and T both contain
different concentrations of the same substance S in inert diluents, and any assay with a
response specific to § will measure the unique potency ratio. Such an assay is called an

analytical dilution assay; it perhaps rarely exists in the real world. In practice, most



biological responses are specific to a range of substances, perhaps closely related
chemically, like the various penicillins. In such cases, the potency may depend to some
extent on the assay system, because different varieties of the active substances may have
differential effects in different biological systems. An assay which for a particular
biological system behaves as though the ideal situation were true is called a comparative
dilution assay.

The term 'bioassay' is often used in a more general sense, to denote any experiment in
which specific responses to externally applied agents are observed in animals or some other
biological system. This usage is, for example, common in the extensive programmes for the
testing of new drugs, pesticides, food additives, etc., for potential carcinogenic effects.
Some of these broader types of assays are considered in §20.6. At present, we are
concerned solely with bioassays in the more specific sense described earlier, in which the

central purpose is the estimation of relative potency.

T =T = UlE MRl A SR DB O TR THEWBIE (bioassay) & HIV TV
%, Tl laboratory assay Xl EFREITEVDTHA 9Dy, [FHEEREIZBIT 500 &
W) DPRNNDTEA I D, T—I 7 —VOFEEDHIL, KDL S ThHD,

20.1 Biological assay, 717
Direct assay

20.2 Parallel-line assays, 719
Radioligand assays

20.3 Slope-ratio assays, 724

20.4 Quantal-response assays, 727

20.5 Some special assays, 730
Michaelis-Menten assays
Limiting dilution assays
Mutagenicity assays

20.6 Tumour incidence studies, 740

20 I, HERZRBHANEERTH Y | AIOHI T, laboratory assay DH234Z% < 7t
HINTWDLOT, PIOKERITHIT Lz, <<Eo& /e Z bHEFRZLV>>
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3. EAMDENHETODEFEEDEH

SHEBEROF A

78 [HI7] KRHAEDepinepherineDAEZ#E p277. [HI5] p272%FEHA
FKEnFED epinephrine # 4 @& E L T 5,=63 #&/z. [#l 5] O RAEIGERIF)
FIC& 34T, §=53.125, 8=25, f=10.650 Tb 515

. 63—53.125
Xg = W+25 = 3427

log D, = (£,—1) log 2 = 0.7306 D, = 5.378 pg/kg
DEIT 150512152179, Vp=3.792, S,,=20 7z &> b
_2.1792%3.792
10.650% % 20

1
0.9921

= 0.0079 1—g=0.9921

2.179
10.650

20 . (63—53.125 :l
4x16 10.6502><20}

£ = [3 427—0.0079% 2.5 41"

X\/3.792{0.9921><

1

= 3991 ———{3.407+0.2367} = 3.196; 3.673

TRBDR 2 H = DY=4.582; 6.378 ng/kg HikEmFRED 95% {EHEBRIC A B.
g=0 L L TY £%=3189; 3.665, D5 =4.560; 6342 L, 2L AFrRIUCERICRLS

[515] p272%fEHA

FHEZ v M, 1, 2, 4, 8 ug/kgDepinephrinex FLILIEIZ L7 > CTEHELE D 4 1
PTOEH L THEDOKE EOmmHga 5t &~ 7. BRI TH 206 B ITITIE
—ETHY, AEOREZIZRIGE LTEHA LD EE XTI, £z, KREFHZR 4 BlD <
DIRLOKEIZEDEIFIZFEAERETHLNG, —JtllE & LTHD. HEIFA X A
Z—L LTI, 2, 3, 4LEL. D=2X"Th %,

# 3.1 epinephrine K 5-HZ DO FIEDKE &

X D y (mmHg)

K glkg
1 1 39 38 34 37
2 2 48 46 50 47
3 4 59 61 57 59
4 8 66 68 71 70




& % BOSIZ R 2 WHEE 2 HERIEIRNE TIT O 12 DI K LT %, y, L7 D& x
EHEET Do

y=0b0+bl x
y+y0=b0+blx
y=(b0-y0)+blx
y=bl ((b0-y0)/bl +x)
b2=-(b0/bl) LBWNT
y=bl (-b2+x)+y0

ZIT b2y, LB RD, o HEET S

K 32 T — & LHEEE

X y y*

1 39 37.15
1 38 37.15
1 34 37.15
1 37 37.15
2 48 47.80
2 46 47.80
2 50 47.80
2 47 47.80
3 59 58.45
3 61 58.45
3 57 58.45
3 59 58.45
4 66 69.10
4 68 69.10
4 71 69.10
4 70 69.10

y*=bl (-b2 +x )+ 63
bl =10.6500, b2 =3.4272

# 33 FFEMIEEITE. b22=(x|y=63)

Solution
SSE DFE MSE RMSE
473 14 3.3785714  1.8380891
Parameter Estimate ApproxStdErr Lower CL Upper CL
b1 10.65 0.41100921 9.76847292 11.5315271

b2 3.4272300469 0.05605547 3.31281612  3.55443706



X 3.1 WiHEE DER

IMPIC & % HERIGEIR ORS % # 33 (ORT, & B, =1065. y, =63 COED
HEREAE 3, =3.4272 L HERE SHu, 95%(EHEXRTIE. (3.3128, 3.5544) Th 5, EARDA
Tl 9S%IEHEXEA, (3.196, 3.673) LIMPCTOHEELFER LV IL o TWD, =
AT, AR OBREITEARIL, RO ORRESH3.38 (df=14) TIER<, HEL 4

BRk b U 7e S BT ORAFES L 3.79 (Af=12) Z VW TWA 2D TH D, Zhld, £ 3.4

DIMPD[AVF AT DFE S B FE A B 5,

3 3.5
X

X 3.2 y=63 DHFAD IS%IEFEXM (PFERKFETR)



* 3.4 RUPEIG

Parameter Estimates
Estimate Std Error Lower 95%  Upper 95%

Term
Intercept 26.5 1.125595 24.085839 28.914161
X 10.65 0.411009 9.7684729 11.531527
Lack Of Fit
Source DF Sum of Squares Mean Square F Ratio
Lack Of Fit 2 1.800000 0.90000 0.2374
Pure Error 12 45.500000 3.79167 Prob > F
Total Error 14 47.300000 0.7923
Max RSq
0.9804
Analysis of Variance
Source DF Sum of Squares Mean Square F Ratio
Model 1 2268.4500 2268.45 671.4228
Error 14 47.3000 338 Prob>F
C. Total 15 2315.7500 <.0001

IMP Tl B DOREIRDHICB W THHEE DEEN H LD T na VT L IERIE DRk

BeE—%+5,
# 3.5 MIEEIFHE OWHEE

EHETE
y ¥ AE x TRIRR LRIEER 1-Alpha
63.000000  3.42723005  3.31281612  3.55443706  0.9500
HEREIZDOVTHDEBERM

3.2. BEZEIZLDZH AL

7E [fl9] T—FIELOORILLDOFAL | p28l

YU A% 1 BT, 201 <SBWDOHT AR, 7y il An, 25282 —T )b
% 0.07, 0.03, 0.04, -~ ml LBEMLT, BMOTZOITHRED 0.07, 0.10, 0.14, 0.20,
028, - ml {2725 X 21295, ZHICTL > TREVDEEINZ/RD. T ATORKY %
B2 X ERFHOEREKRE LT, [MEIORENUETHS -0 &idkT 5. Rk
27 v RV MIONTHEBIIT 5 « EEIX, =—7 /LTS5 EHOKRE 0.28ml Z¥H &
EL, 7R ATIE0Iml ZFAREE LT, EEoBMEXKEZFRTL 3, 4BOR
BIZLTBLLLEE FooXTh R RD7EAD,



# 3.6 EMHDOHEEETORGE

FRK y
T— )L S| 8 9 8 7 6 (=)
yawakLrs V|3 3 5 4 5 6 (=)

ST s 2 BRI, H BN 2 KHEDO—TEREBD T — 4 T, HEOWMERD B L AT

2
Syp = 414—% = 41.636
38 260 (384267
Su= et = 29.103

Srw = Sp =41.636—29.103 = 12.533

Sk

Va=rs =133  [al=0]

B, Sp EEHECTRDEAEHL

2 2 2 2
SR=ZD32+ZDU2—(‘ZDSJ _ (X Dy) — 414 38 26
ng ny 5 6
LR L.
F#5ii Ds=38/5=7.600, Dy=26/6=4.333 T %.

ERRFEROBEERDKIC L > T, HAEBEZONZLBEXOND RO, to.09]
=2262 H5

7.600
T3 o
2.262 1.393

7333 6 = 0.0633 1—g =0.9367

1 2.262 0.9367  1.754
*"%“0.9367{1‘754i4.333‘/1-393( 5t % )}

1

= ————{1.754+0. =1.322; 2.
09367 {1.754+0.5155} = 1.322; 2.423

ThbMD, suuki s ImliE, =—FA40 1.754ml iCHYL, 95% {(EEBAIE
1322, 2423 ml L725. g=0 b Lick it p%=1234; 2274 Lir 5.

2 OOEFN O GEE O, A B ERIIHERFR TROTH L3, LofE
X OFHRIT, BRERK S 2o —7 L REMAU L LT urRLhlE, 43—
BE AT BRI 25 2 E OB O a L TREKHZFET 2 &0 )
FIEIZ LD, FRERK S D56 x=1& L, RERIKUOHE x=0& L. BURGHT

y =5+ px (1)



BT L B, EERIK S OTFHHMEDHEEE & 720 . B, + B SRERIE U OHEEE & 72
DT, N r ORI, (B, + L)/ B, =1+ 4,/ B, 720T, X (1) %
y=p8,0+(B/B) % (2)
LERL. B =B, LExHEZ
y=pB,(1+ 5, %) (3)
DIEFAREL D b % e B RN CEBEHEE T 2,

K 3.7 fRITHT— 2 L HEEME

T A X y y*
S =—7 )b 1 8 7.60
S =—7 /)b 1 9 7.60
S =—7 )L 1 8 7.60
S =—7 L 1 7 7.60
S =—7 )L 1 6 7.60
U 7 aak/Lh 0 3 4.33
U 7 mufkih 0 3 4.33
U 7 mufkilh 0 5 4.33
U Z iR, 0 4 4.33
U 7 iR, 0 5 4.33
U Z7uauafRiLh 0 6 4.33
y*=b0(1+b2x)
b0=4.333, b2=0.7538
# 3.8 FEMIZEG ORER
Solution
SSE DFE MSE RMSE
12.533333333 9 13925926 1.1800816
Parameter Estimate ApproxStdErr Lower CL Upper CL
b0 4.3333333333 04817663  3.24350225 5.42316441
b2 0.7538461538 0.22989629 0.3220429 1.42249914

hitb= 1+b22=1+0.754=1.754
95%cl = (1+0.322, 1+1.422) = (1.322, 2.422)

ZORRIE, EAMORE =8 2, BEOTDITHRIBRIRZITR > TR &2 Rm T,



3.3 #IEEURSHT y=b0+bl x OF5E

[ Parameter Estimates ]

Term Estimate Std Error Lower 95%  Upper 95%
Intercept 43333333 0481766 3.2435023 5.4231644
X 3.2666667 0.714575 1.6501859 4.8831474

ZOFER.b0=4.333 LIERERIFORERLE BT 5, B x DT A—H bl =3.267
Eb, ZORERNG, ZaafRL AOEEREREE, 4333 THY ., =—T Vi,
4333+3.267=7.600 TH V. ikt (Bl 1%, 7.600/4333=1.754 L7225,

UL, BEEEOKE L3 LORYME, ZOEBRILIZEXONZN. FHNE
% T, FHEOBKHRE ml 23, C=007Xv/2 @D, D=1,2,.., THE1b, logC=
log 0.07+(D—1)log4/2 t+3. ZZT CizonThlkxELIE, log R=log Cs—
log Cy=(Ds—Dy)logd/ 2 Lit3hd

R = antilog {(7.600—4.333)log4/ 2 } = 3.103
(Ds—Dy) DRHEDEFRAG

oY = (7.600—4.333):2.262+/1.393 »\/%4_% = 1.6504 ; 4.8836

RY =1.7718; 5.4332
LizioT, % FOBKHEZREICLTEZ S L, Ak 3.103 (1.772~5.433) iz
3. DY, EFVDELYVET, #REIEDL-TLS. BECEDISRhEFILZL
72 B XV BADISEEANE L /1 5.

OISR THEGENEEGON TV DAL, BEBEOXHAE LV, 7 rrdkL
LD = —T N DF%H KD, O antilog 7B RD H 5,

# 39
LS X y y* dose In_dose
S =—7 v 1 8 7.6 0.79 -0.23
S =—7 v 1 9 7.6 1.12 0.11
S =—7 v 1 8 7.6 0.79 -0.23
S T=—7 v 1 7 7.6 0.56 -0.58
S =—7 v 1 6 7.6 0.4 -0.93
U 7 raiiLh 0 3 4.33 0.14 -1.97
U 7 raiiLh 0 3 433 0.14 -1.97
U 7 mri/iLh 0 5 433 0.28 -1.27
U 7 mri/iLh 0 4 433 0.2 -1.62
U 7 ruafRilh 0 5 433 0.28 -1.27
U 7 ruafRiLh 0 6 4.33 0.4 -0.93




X it L U In (dose) ZIEBAS L 5 5 HEIFRSHT D x DEYF/ ST A —H M,
SEEMEDFEE 72D DT, 0 antilog ZFHH L, gh AR BN D,

# 3.10
DB |
EHR BHE ERFM FEHEAR Fi&
ETIL 1 34956597  3.49566  20.8985
FEE S 9 15054194  0.16727 pfBE(Prob>F)
2ARIEEFEFH) 10  5.0010791 0.0013
IRSA—REE(E ]
1§ HEEME 1ZHERE T{8195% L 18195%
il -1.504015 0.166967 -—1.881721 —1.126308
X 11321404 0.247653 05719109  1.6923699
Z~)L In antilog
HEE 1.132 3.102

T 95% 0.572 1.772
181 95% 1.692 5.432

7E [f110] ¥4 1R, p283

UXRZY ZOFEREF L lut/15ml S & L U A 0.11g/15ml DF F T 5. TR
t 5 3IBR T Imlkg 720, ~ MCEEL T, BOEICHLERESF L, mlzE Lo~
oo VXX Y AOIEHRET X lut/15Sml 2 S &L U % 0.11g/15ml OF o F &35, \WT
N S HHFRT Imlkg H720, N MIHEL T, EFEICSHERERFEL, ml 3z Lo

~7z,

SvxXx#yx| 14 16 15 18 13 15
U Fo% 15 16 13 14 12 15 13




20
18— e)
16— @) @]
> /g/o/

14— O

@ o)
12— O
10 ‘ I

0 1

3.4 X —ZH AT DRI

Srw = 2779‘—-9—;—--——?,—7%‘—- = 26.8333
26.8333
Ve —-6::,7—_-_—2"--2.4394 ,vR]-— 11
=L —9.0009
=041 "
tos[11] = 2.201
15.1667
2.4394 % 2.201*
= —12.00000x7  _ 0-0086, 1—¢=0.9914
1 2.201 0.9914<9.0909% _ 0.8485°
= ———{9, it
"% = 59914 {9 S8 140000 ( 3 +—— )><2-4394}
1
= e——— ) 1. = 3. ; .
5551 (98485612879} = 8.6349; 11.2330

PlEng, U ® 1g ik F O 9.849(8.635~11.233) ut IZFY T 5.



#* 311 HEHETORII

Solution
SSE DFE MSE RMSE
26.833333333 11 24393939 1.5618559
Parameter Estimate ApproxStdErr Lower CL Upper CL
b0 14 0.59032605 12.7007011  15.2992989
b2 0.0833333333 0.06450563 -0.0501563  0.23564693

XL U R lut/15ml, F % 0.11g/15ml 72D T, F %0 1g %, (1/0.11)-(1+0.0833)=
9.848ut/15ml |ZFH 295 . 95%(FHE X [#H1E. (1/0.11)+ (1-0.05016)= 8.63 . (1/0.11) - (1+0.2356)=
1123 Th D,

3.3. HTHRBREELDMNLL

8F [Hl1] ERX% I UHKME. p293

Superfusion £ C, § % histamine ® 1, {2, 2 g/L, U % histamine #¥)'E D 2/ 2, 4,
A/ 2pugll & LT, ELHREDOE Y SFIZ L7223y, EE v MEBIZ OV TOULHNE &8
HL7=. W3 b HT histamine %D mepyramine THEFLE N 5. EBR OB I — i EIE
IZL7eDio7c. DIMIZHEAZ A—Z—TlogIRETH 5.

#£ 3.12 E®/F > MAlfGOIHE

D/M y
substanse dose 1 2 3 4
histamine 1 42 40 39 40
histamine 1.41 51 53 50 54
histamine 2 67 68 66 64
u_histamine 2.83 37 38 35 34
u_histamine 4 49 50 49 53
u_histamine 5.66 63 61 64 63




80

70—
60+ X

> 50

40— S
: &

30—

Q()),

QO
XX

20 \\\\‘ T T

X 3.5 F—XDO7 1y k

FHESE Vep=27222 THNT, Vi WL Vis, Vg BBKEL, Vprses Viors
Viory B/NENWZ Lk, HATHRREEDEAHREYM 2%V, S & U 21T,
T BERGEMREDTEDTINI L EXET3.

"I —% L L C, histamine DA 12z1=1, z2=0, histaminefk¥E DE1221=0, z2=1
& L. BIBENGE ST L0 AR BAEM O 2 IMP T T/ o 72, % 3.13 [T X 91T,
ZHAER 22*logl0(dose) DPEIE 0.6565 TV | Frp HMH X 2 OEMD Y TTHIT XL
FFahinoi,

# 3.13 RHEAEHZ & TefENT

Analysis of Variance

Source DF Sum of Squares Mean Square F Ratio
Model 3 2843.2917 947.764  343.3409
Error 20 55.2083 2760 Prob > F
C. Total 23 2898.5000 <.0001
Tested against reduced model: Y=mean
Lack Of Fit
Source DF Sum of Squares Mean Square F Ratio
Lack Of Fit 2 6.208333 3.10417 1.1403
Pure Error 18 49.000000 2.72222 Prob > F
Total Error 20 55.208333 0.3418
Max RSq

0.9831



Effect Tests

Source Nparm DF Sum of Squares F Ratio Prob > F
z0 1 1 5409.4095 1959.635 <.0001
z2 1 1 2503.9292  907.0838 <.0001
log10_dose 1 1 2782.5625 1008.023 <.0001
z2%log10_dose 1 1 0.5625 0.2038 0.6565

TRIESE Vep=27222 TH_T, Vi WL Vis, Veg BKEL, Vorses Viors
Viery B/NEWZ Lid, FATHRREEOEAMRELM 2%V, S L U KO0,
T ARREERED TREDTINI L E2XREFT3.

Fo.0sl1, 18]=t,,5°[18]=2.101* Z T, X 4) 25

52.8333—49.6667
M = 0.1505—-0.6021— 37 6407 = —0.4877

2.1012 % 2.7222
8= §7.640750.181240.1812) _ 0-00% 1= =0.9957

S,.* = 0.1812+0.1812 = 0.3624

1
o - W[—0.4877—0.0043(0.1505—0.6021)

2.101 5 (52.8333—49.6667)"
I e em— . .
87.6407 V2 mz{o 9957(4><3><3)+ 87.6407 0. 3624 }}

1
= {0, +0. = -0, : —0.47
= 0'9957{ 0.48584-0.0163} 0.5043 0.4715

“h s R=antilog M=0.3253, p=antilog x§=0.3131; 0.3377 L7V, & U
D 1pg i, histamine &7 ® 0.325 (0.313~0.338) pg ICHHYF 5. g=0 LLicb X
2 (M} =0.000060 G, u4=—0.5040; —0.4714 L7z 0, p}=0.3133; 0.3378 &, Fieller

DX TORERLITL AEELV. —

THAERZEER0, FATHO L TTO z, FFRIEEIFETIT22 5, IER y 23 50mm
LR DBE OWEOMBMELZHEE L, £DOED antilog O ELEHEE T 5, M
BEERIE, ROBIEEYTR

y_SO = :Bo "’ﬂo,zzz +:B1X

EEZ, fEEE LTROVHTZ &gk, kkzefFo,



b, P
ﬂl IBI

y::B1(_( Zz)+x)+50

ZORD BB % Py LEEHA. B,/ B % P, L EESHAIERIVERZITRV, &£
3.14%45 %,

# 3.14 Wb OEEHEE

Solution
SSE DFE MSE RMSE
55.770833277 21 2655754 1.6296484
Parameter Estimate ApproxStdErr Lower CL Upper CL
b1 87.615853515 2.70678743 819867809  93.2449261
b2_0 0.1181768624 0.00546149 0.10666073  0.12942492
b2 2 0.4876876154 0.00767504 0.47184255 0.50383229

y 25 50mm & 72 % histamine @ H &% 1000.1182 4g/1 . histamine FE¥E 13,
107(0.1182+0.4877) ug /1 T 5, #hJIHiZ histamine % 1 & L7255, 107(-0.4877)=
03253 (5T D, 95%EMXEIL. 107(-0.5038)=0.3134, 107(-0.4718)=0.3374 Tk 5.,

v
80—
70—
60—

> 50—
40—
30—
20—

10_ ‘ | ‘ | | ‘
.0 5 1.
log10_dose

3.6 JEATRED Y Tided

WA AT 2 2 TR D RO 2 B D= DIR T,



# 3.15 FATHOHTIETD
Analysis of Variance
Source DF Sum of Squares Mean Square F Ratio
Model 2 2842.7292 142136 535.2019
Error 21 55.7708 2.66 Prob > F
C. Total 23 2898.5000 <.0001
Tested against reduced model: Y=mean
Lack Of Fit
Source DF Sum of Squares Mean Square F Ratio
Lack Of Fit 3 6.770833 2.25694 0.8291
Pure Error 18 49.000000 272222 Prob > F
Total Error 21 55.770833 0.4951
Max RSq
0.9831
Parameter Estimates ]
Term Estimate Std Error t Ratio ProbDJt|
Intercept  Zeroed 0 0 : .
z0 39.645833 0.622332 63.71 <.0001
z2 -42.72917 1.391577 -30.71 <.0001
log10_dose 87.615854 2.706787 32.37 <.0001

ZOFER A5 | histamine O [\ 7 I
Y =39.646+ (87.616—42.729)x & 72 %,

3.4. XFRETE

2X2 A, 2X3 L, p295s

y=39.646+87.616x & 72V . REPE X

TEARIE, RO LS ICHBLTHR, ZoHEL, BERZEAEZ S LW 0ot %

FHEL VTR I DI LRENT-FHE

FIETH Y, IERIEEYRIC L DHEE 22 F

BIZTE D LI BAETIE, HITOSE T80,

FRYERRIR § L RFIRRIR U O H B5e 5%

U<, $-AIBOARZE LS TI2e b,

FHETOL DIRLUEDE LW E X, PR Symmetric design & V9 . EBRIT 5,

UV OMHEIZHONTO | FFZEEEERBMEICEL, Wb b —mhlEEE LTH
SA, RRIREEZ T ey 7 RF LT84 E, 2 WFOEBEIC LAY, NEE b
MITASROEILE S UTIRIT L, 7 vy ZRICRE REN 2T IT, HEEZTIC

FHHLUTHE S &,

FHEN 2 KUEZ2 H1F 2X2 sk, 3 AKHEZR 61F 2 X3 sk, —RIZIE k KUET 2



X k HIEEMHING 2 ENSV. () EREOTFT R CRREREZIEL L,
() S & UOTHRIEMZES L 25 & 5 1oidt LTI IEHE ORI &
<, (i) ERRMEOTHENER ShD7 5, 2X2 MEREL.

8&E [#iI2] Hl1Zx2x3mETHRINVHE
FERIZFE L TH D,

8F [fl4] HILT. RARAKDEREZR=HE

Fo.sl1,15]1=2.131% Z Fv, 21312V ,=6.2865 L [b_T, EEM: fe 1T KEL, & T
D 2 ik Bosy 1 IRTOIEFATH: DISP iZ/hEnWicdd, T 2 EHRE L THLS. X
(16) 5

M = 0.1505—0.5268—%><0.1505><~§—g-g— = —0.3763—-0.1103 = —0.4866
265%
C = 1.0077

T 265°—10x4x2.1312x 2.95
4 = (0.0077)(0.3763)+1.0077(—0.4866)

+4/0. 0077{%0. 15052 4-1.0077(—0.4866 0. 3763)=}
= —0.4874+0.0214 = —0.5088; —0.4660

Zhbab R=0.3261, p7=0.3099; 0.3420 1729, histamine 48 % © 1pg i,
histamine . @ 0.326 (0.310~0.342) pg T4+ 5.

7 3.16
Solution
SSE DFE MSE RMSE
50.916666613 17 2.995098 1.7306352
Parameter Estimate ApproxStdErr Lower CL Upper CL
b1 88.03109452 3.63601566  80.5425801 95.5196089
b2.0 0.1183294008 0.00582878 0.10604422 0.13014537
b2_2 0.4865704962 0.01006309 0.4665579 0.50819081

y 2% 50mm & 72 % histamine ® A &1L 1070.1183 xg/I . histamine &%) 'E 1%
107(0.1183+0.4866) ug/| T 5, Zh71kiX histamine % 1 & L7284 12, 107(-0.4866)=
0.3261 (5 CH D, 95%IEFHEXRIL, 10°(-0.5082)=0.3103, 10°(-0.4666)=0.3415 T 5,



8F [fI5] thiopental D45

JIbdiz 2 F5ARIZ,  thiopental Z slMTEA L T—E DRI L~V 2 kD, ZE LRIz
thiopental S D7 A &% 31.5, 63mg & L C, MUOBRICEEL, ZhiZk - CEH#
C & 7= thiopental D i & 2 8L L 7=. [F£RIZ methohexital U D7 A & & LT 10.2,
0.4mg % VY, Z 2 & > TH U7z thiopental ® siffiiE ADAD EEBHI L=, 72721,
1 5Tl thiopental S D7 A N H&E7DS 42, 84mg ThH-o7z. S, UDZENEN2 HEX
SLBRIEIC X - T, SHNCHVZ (Bellville et al. : J. Pharmacol.129, 108, 1960) .

#= 3.17
y
substanse dose 1 2 3 4 5
thiopental ~ 31.5 35 30 5 22 6
thiopental 63 65 55 14 48 21
metohexita  10.2 28 18 6 19 5
metohexita  20.4 56 52 7 40 22

B ITE N

3.5. Gt

8E [#I6] p319. nicotinic acid

5 MIEICHE T T @, nicotinic acid S D 5, 10 pg/ml, HWE U D 1, 2mg/ml (2D T
HOMTHZEECHRI L7z, Wb 4 Fo< VIR LB AT, —IthlED T —#
& LTI %,

% 3.18 HEOHaEE

y
substanse dose 1 2 3 4
blank 0 3 4 4 5
nicotinic acid 5 10 9 9 10
nicotinic acid 10 17 16 15 15
unknown 1 8 8 9 8
unknown 2 12 13 12 13

ABLIE A KO DR ENENIT, BT R 3@ 2 B 5 & 2R ok oBEFEA A Y T
HHZLEIZEVELND,



y:ﬂ0+ﬂ1,1X22+ﬂ1,2X22

20—
15 §
] &
>10-
Ly 8
5—:2
:A
0_ ‘ T T ‘ T ‘ T
0 5 10
dose

3 T—4O7av b

# 3.19 HEEF

Analysis of Variance

Source DF Sum of Squares Mean Square F Ratio
Model 2 314.11429 157.057 338.5833
Error 17 7.88571 0464 Prob>F
C. Total 19 322.00000 <.0001

Tested against reduced model: Y=mean

Lack Of Fit
Source DF Sum of Squares Mean Square F Ratio
Lack Of Fit 2 0.3857143 0.192857 0.3857
Pure Error 15 7.5000000 0.500000 Prob > F
Total Error 17 7.8857143 0.6865
Max RSq
0.9767
Parameter Estimates
Term Estimate Std Error Lower 95%  Upper 95%
Intercept Zeroed 0 0 0 0
z0 3.8928571 0.287807 3.2856365 4.5000778
z1*dose 1.1728571 0.046049 1.0757018 1.2700124
z2*dose 43142857 0.230246 3.8285092 4.8000622

ZOFERNG | nicotinic acid DOENFFIL, y=3.893+1.173x &£ 72V | unknown #'& D [A]



JFEIE, y=3.893+4314x & 725, 2505, unknown #)’E D nicotinic acid
VAl A N

r=43143/1.1728 = 3.6786
LD,

£ (37 L oTy toon[15]1=2.131 & Fw

8.6286 .

Ry = 77255 = 0-7357 R =0.7357 3 = 3.6784
2.1312 0.5 x 64 )

= 1786 x5xd = 2075 1-=0.9925

U= _ Y [0.7357—0.0075— +

16 = 11.7286

0.5x8 73
XAl - (e __ .
v g (8—9%0.7357+8x0.7357 —— 0.0075)}
1
= 5995 10-7315£0.0731] = 0.6634; 0.8107

0% = ,oof,{x% = 3.3170; 4.0535

WZxt1 5

DL EMD, iﬁ%ﬁ 9/ » 1mg iZ nicotinic acid .&7 @ 3.68 (3.32~4.05) pg IZFHY4 T 5.

HMIZRR T, B2 EEHEE T 2 T2 O ICRIB IR 2 IR D K 5 IZETET %,

P

1,1

y=ﬁo+ﬂ1,1(xzz+ Xzz)

ZORD B,/ fy & fy, LEEHAIEBIEEYREZITR, £ 3205155,



LI
20—
154
> X
10— ;g
5_
0— \ | !
0 5 10 1!
dose
3.8

# 320 FEMRIE. Afdkt

Solution
SSE DFE MSE RMSE
7.8857142857 17 0.4638655 0.6810768
Parameter Estimate ApproxStdErr Lower CL Upper CL
b0 3.8928571429 0.28780746  3.29046921  4.49524508
b1_1 1.1728571429 0.04604919  1.07647507 1.26923921
b2 3.6784409257 0.16583288  3.33600854  4.03264837

ZORERNG . ARCEIE 3.678. 95%IEREX L. (3.336. 4.033) BNEHND, EA
BIOARTIZ, (3317, 4.053) LJEDIZ/R>TWAN, Zhit, 58E | ohilEORES
WEHNNTWAENSTH S,

(5171 Hl6DblankZBRLNT, 2x2mik & LTHEL
AT [l 6] 1%, 8 2@ EETHRMBITRN 7208, ZhzRNT, 4 mikL
L& aBEXATHD.

ol = pugx-f— = 3.3320; 4.082+

Pl S, B 9 © 1mg % nicotinic acid ¥ ® 3.71(3.33~4.08) pg IZHIL L T
WA



# 321 Ao EBEHEE

Solution
SSE DFE MSE RMSE
5.725 13 0.4403846 0.6636148
Parameter Estimate ApproxStdErr Lower CL Upper CL
b0 3.625 0.52463357 2.52692931 4.72307069
b1_1 1.205 0.06960051  1.05932446  1.35067554
b2 3.7136929461 0.16747098  3.35494324 4.06125312

FERIEENFE OFRER NG . DX, 3.714, 95%I5HEIX X, (3.355, 4.061) &725,

9

0 5 10 1!



4. {EABDOEMFFMTO 2 ERIEDEH

IRETO, EfFE I T =TIk 2EKSCOWTIE, BV AT 4 v 7 [BlRSH & H
W, I DHEEIZIX, 7«4 T —ORUIT LD | BIE 95%EHE XM A FHR L T X 72, IMP
DIEBIZENT T, R CLERE) 25 2 Licky, Yreynik BLUORY Y
MEIZEZ D50 OHEENFRETH 2, FHEMEOHEEIC, BIEEIGFAZ LT L CIEHRIE
ERRIC LT, BB, 2k & 5% AR Lz L [FERIC, 2T —Z DA T
HLAMRETH D,

2T —=ZIZHONWTIE, TlEor VAT v 7 BIRGAH Y . R EIERIEREIRE ST
M D00 EDRMBET L THA D, THIE, BUSE Y & LTzEEIT, HDHUE
Yo &2 % X0 M x ZWiHEE L 7o W RIRESS, WHEE L7z 2 -5 D50 Oif 657
EHLEZWEWIBAIL, BEOBr Y AT v 7 BRSHTCTlE,. 205 ORI
LTWR2WNWNETHD,

HEE LTV T A= B EEEREE T 572012, I TIE 2V EIFRO H TTXO N TE
AT, BT T 5, @O P27 4 v Z7EIEGHTIE. SIEOr AT 1 v 7 Bl

1n<1_pp)=ﬁo+ﬁ1xl+~--+ﬂkxk

B Z LT T ENTETY,
m(%) = BB, +X)

DI DO a VAT 4 v 7 BRI TE 220,

4.1. IMP QIHHEIRIZLSTOE Y kk

[513] p336. D50

NAE—FIC L 5 HED,, -, DsiCEZ EAERIZHI D O, ECHEHZT. H
BALALZ—% 1, - 5 TRT,

D50 ZHEET 5 HAT, PHEIND D50 OFHTD x =3 1@ s2 %< LTH 5.
HAEAZAZ—TlogD £T25L0H, x=1, - ,572L0, - ,4 L LTEBWEER
FHETITETHAS ), LEISUT, HEICHL TV,



# 41 T
X n r n-r
1 20 0 20
2 20 2 18
3 30 16 14
4 20 15 5
5 20 19 1
SASD 7O E Y MEIZK DR
Title ’sakuma_ex9_3 ~ ;
data dO1 ;
input x n r n_r ;
datalines ;

1 20 0 20

2 20 2 18

3 30 16 14

4 20 15 5

5 20 19 1

proc print data=d01 ;
run ;

proc probit data=d01 ;
model r / n =x / inversecl ;

run ;
Standard  95% Confidence Chi-
Parameter DF Estimate Error Limits Square Pr > ChiSq
Intercept 1 -3.0724 0.5218 -4.0951 -2.0496 34.67 <. 0001
X 1 0.9757 0.1586 0.6650 1.2865 37.87 <. 0001
Probability X 95% Fiducial Limits
0.50 3.1487 2. 8247 3.4734

SAS @ PROBIT 7' 12 > ¥ 2 X 5 D50 OHETEEIL. 3.1487. 95%IEHEIX [ I1E (2.8247.

3.4734) THY , TEAROAR LT —EL TV, KT,

LAKIC, TOPTEHEEE LoTWaER, il y /K2 BETI»S
5. HaeHd LY, REHHES ST S L, £=3.1487(2.9046~3.4016) L 72.5.



IMPD IEE 2B TDFER
V5 TORER, HEEIXOK, SEIZ—HE3, ZMgt
Zu vy FORBKEBREE GHEERERE) 2RO LD ICHEET D,

(=

TrE REE LAPIORL F-LD TR FIC EEREEDOEND Sl N3G W@ Fenld e RoWd  AgLTHH)

BO2EEHESR $2A||((n 284 Mbes ot adsSsH o

0.3635
65054
= FIEAD 212274
% 11,3757

n
4.0266
r

=17

FTATDIT 5
ERENTLSITEL O
ERmtan TLiTE O

BRI —TBID 0K BEENCT I —Z Bl v

ISA—RD R o T A ® = i =]

b0 = -3.072485 |x|+[2| |#HiE n x|+|2| |BE

Ay 1| B . o[

lt=| o p b = )
FeEs = loss =
R :
o R
fEst =] ]
- |

FPALE REE b PRRD FALD TR ORI EEESEOEND SRl J50GE vl REOD koW agLiH)

BOEHEHSR $®B (2?4 (MsrLe+|dSs 0

_ (O] x| =10ix|
EiA ® BmREL—Z8l Y] [ ok |
ERLAPICREEEN ST riss—ammy |+ =]~ |7 =] =
LESAR) (7o 52 e =2l (2S, =
X Bt | [B5 ' LIS = mmmy
5 i wF
-2k | [7 7oz 5
[ =
s |77 &E %gﬁ?
= =]
B |z &E st d
fi-r |\DSS LI
o 7= e
HFBIERFIC ST B E = m_1=
1ol x|
il | Parameter b0 = -3.07248536007303, b1 BEENCS )L —ZF R v 0K ;I
= 0.975780645264086} Mor mal =] T ;‘
Distribution®0 + b1 * ) x|z 2 :}gﬂ
/E =t # Log(:Mame("p™ M+ (in - o) # vmlg| |EEE -_)E,EH
Logtl - :Mame{p™ 1) f/ = ;EEEH
- E
AL TS %
4 I _’I C al vl




BRIZADOHEBLE LA T L, FEATT 2 LB KRED,

=Bl x|

T
I VE REE LPIMD TOMD R FIG EEEE(DODD) AR H52@ w0 Fm0d O EoW AT
DEEHESR $Bd 284 Msr 2+ BSSH O
Fizakuma - JFERENR ' =101 x| L= -IDIII_
IR DRDH T | : B L — Bl v [W:I
MEFIREIR Vizd-anmy |[+|-|~] 7 - =
&= | 0 oo [x[zlz] | (e
o b1 = 09757806 fifiivgs P
WETHE e i ) *;Egéﬂ (=R
zl=ld] |xr
= i R BT thE =
EiE 4 50 Zf{TE [y
[ i3k | mm 0 15 s N
FE= Be9BESEnIk  6.671857e-10 [ 0.0000001 fEt = (=
2 1iS—4ZE  0.0000598334 | 0.0000001
HIEL 9.8768938e-8 10.000001 s
BRI BDHELE =l
VoA B SSE 43.58559469949 d ! LIJ
b0 | :
b1 o N 5 E o [=1 3
: SF v EasL—sRbY] [ ok |
=1~ = & -
e aDBE x[=[z| |wie
2 Upge e ow|s| |EEE
(ZHRFROEHO BESSE 4660632641 - =AmEy
= e
v R o
SSE  DFE MSE RMSE TS
43.666596900 3 14528532 38116312 W ~JZ
1i55t—4 #EE EMEERE TONSEER _LAIEEERER srEt
1] -3.072301634 060662438 -4.1940644 -2.133899 ;I
b1 0.9757329904 017501156 0.62010349 1.31656669 |
» HEsEaeiER =
= =
vl

£ 42 HEHEEIFEZH N BE) 7a vy MEE, 95%cl, — g

"

)

SSE  DFE
43.585596999 3
INTA—4 HEENE
b0 ~3.072301534
b1 0.9757329904

—-2.1338991

MSE RMSE
14528532  3.8116312
EAURHERE TAEHERSR LAMEHERR
0.60652438  —4.1940644
0.17501156  0.69010349

1.31656669

WIZ, BAZLWHEEIZ LD, D50 ZRD D, (v 026 DO FkRE

# 43 FEREOWHEE

| Y=01DFHETE

)

(Normal Quantile(0.1) - b0) / b1

0.1 1.8352869 0.3142553

| Y=05D i HE5E

)

(Normal Quantile(0.5) - b0) / b1

Y x EHEERE
0.5 3.1487113 0.1611023
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SSE  DFE MSE RMSE
43.585597532 3 14528533 3.8116312
INTA—5 HEME ALURERE TAEERSR LAGHERR
bi 0.975879297  0.17502753  0.69009976  1.31655267
b2 3.148817753  0.16117234 2.8335972  3.46553438

SASONLINTD 7B E v k&,
ITHHTIED £< 95%cl 233RED

Title *sakuma_ex9_3 ° ;

data dO1 ;
input xT y n ;
like = 0 ;
datalines ;
1 20 0 0
1 20 1 20
2 20 0 2
2 20 1 18
3 30 0 16
3 30 1 14
4 20 0 15
4 20 1 5
5 20 0 19
5 20 1 1
proc print data=d01 ;
run
proc probit data=d01 ;
class vy ;
weight n ;
model y = x / inversecl ;
run ;

proc nlin data=d0l method=newton sigsq=1;
parms b0 -3 bl 1 ;
_weight_ = n ;
/* Linear portion of model ————— %/



eql = b0 + blxx ;
/% probit */
p = probnorm(eql);
if (y=1) then p = 1-p;
model. like = sqrt(- 2 * log( p));
output out=p p=predict;
run;

proc print data=p ;
run

proc nlin data=d01 method=newton sigsq=1;

parms bl 1 b2 3 ;
_weight_ = n ;

/* Linear portion of model
eql = blk(-b2 + x ) ;

/% probit */
p = probnorm(eql);
if (y=1) then p = 1-p;
model. like = sqrt(- 2 * log( p));
output out=p p=predict;
run;

proc probit data=d01 ;
Analysis of Parameter Estimates

Standard  95% Confidence Chi-
Parameter DF Estimate Error Limits Square Pr > ChiSq
Intercept 1 -3.0724 0.5218 -4.0951 -2.0496 34.67 <. 0001
X 1 0.9757 0.1586 0.6650 1.2865 37.87 <. 0001
proc nlin data=d01 method=newton sigsg=1;
Sum of Mean Approx
Source DF Squares Square F Value Pr > F
Regression 2 -87.1712 -43. 5856 -3.50
Residual Ji 87.1712 12. 4530
Uncorrected Total 9 0
Corrected Total 8 0
Approx
Parameter Estimate Std Error Approximate 95% Confidence Limits
b0 -3.0724 0.5218 -4. 3062 -1.8385
b1 0. 9757 0. 1586 0.6008 1.3507
Parameter Estimate Std Error Approximate 95% Confidence Limits
b1 0.9757 0. 1586 0.6008 1.3507
b2 3.1487 0.1569 2.7718 3.5196
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