
Cercet&ri marine I. B. C. M. Nr. 7 217-225 1974

STATISTICAL METHOD OF ASSIGHI^G FIDUCIDM UMITS
TO A PROTECTIVE EFFECT ESTIMATED FROM BIOLOGICAL ASSAYS

WHICH COMPARE THREE GROUPS OF RESULTS
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Bucuregti, 4, Vttan 112

Abstract

A statistical -ir.ethrf -f ass..p-nu»? HducidplU-
mits to a protective ntS->c< . - p-'oposed. The
method Is based on a theo^en, uf mathema-
tical statistics given by Fieller, and may be
applied to all experimental procedures which
measure an adequate quantitative response
in three groups of animals; Intoxicated anl-
mats, intoxicated and treated animals, and
control animals.
A numerical example of assigning flducidal
limits to the antilipidical effect of the muco-
polysaccharide extracted from ̂ &ti1us^allo^
rovincialis in the Intoxication with TrH .,

is also given.

Tne problem of estimating the protective effect ->f drugs against
expcrimentals intoxications appears frequently to pharinacolo(?ical researches.

TP estimate the protective effect, an experimental procedure

ustag three groups of animals is needed: a sttaida-d pro'ip (C) a group (I)
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of animals which have received the toxic substance, and a group (T) of

animals which have received both the toxic substance and the protective

preparation. Further one measures an adequate quantitative responde and
let C, 1 and T, be the arithmetic means of the responses in the above
mentioned groups. Then, the protective effect may be estimated by the
formula;

E =
I - T

I - C
or E % = 100

I - T

I - C
(1)

which was first proposed by Bianchtol (1958) in his studies concerning the
antUipldical effect of some heparmoid substances in the uitoxtcatlon with
Triton.

Newbould (1963) uses formula (1) to estimate the antiinflamma-

tory effect in experimental taflammations.

The same formula has been used by some of us a series of pa-

pers: Molnar (1963, 1966, 1970), Winter (1971), Simtonovici (1971), Mol-
nar (1975). For instance, by means of formula (1), Molnar (1975), esta-
blishes the antUipidlcal effect, of the sulphomucopolysaccharlde extracted
from M ilus allo rovmcialls in the intoxication with Triton.

In all these papers, the significance of the difference between

the arithmetic means I and T has been tested by means of the. Student.

distribution; but. no fiducial limits were assigned to the protective effect,
because, the protective effect being not a random variable with normally

distributed errors, the usual formula E j, tSg Is no more applicable.
In this paper a statistical method of assigning fiducial limits to

the protective effect, E, is proposed. The method is based on a theorem
concerning the fiducial limits of a ratio, which was given by Fleller and
further developped by Ftaney (1964).

Let 1^ (i -- 1, 2,.... n^); T^ (j =l, 2,..., n^): C^ (k = 1, 2,...,
u J be the individual responses (e. g., the turbidity of rat serum) obtained
in the above, menticmed groups of animals, and let x, yand z be the cor-

responding random variables. Then, each mdtvidual value L represents an^
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[estimate of x, and similarly each T and C represents an estimate of y

and z respectively. Of course, instead of the variables x, y and z, one

may consider a number of n, + n^ + n^ variables, i. e., n, identical varia-

bles x, = x^ =... = x_ , n^ identical variables y, = y,, = .. = y._ , and n,
n-[' 2 " 1 " 2 " ng

identical variables z, =z^ = . = z__ respectively. In this approach, the

individual values 1^ (i = 1, 2,.. ., n^); T^ (] =l, 2...., n^); C^ (k =l, 2...., n^)
will represent estimates of the corresponding variables x, (t = 1, 2,... a, );

,y CJ = l, 2,..., n^) and z^ (k = 1, 2,..., n^) respectively.
We shall suppose that x,, y,, z, are random variables with aor-

mally distributed errors, and we shall consider the following variables:

o^ = (I: x^)/n^ - (J: y )/n^; ( ^^)\- (Z\)/^^ (2)-

y«-=^ (2')
vC and ^ being linear functions of norm. al random variables,

will be also normal random variablee. Therefore, y(('represents the ratio

of two normal random variables.

The Fieller's theorem gives the fii-iucial limits of a random

variable which may be put as the ratio of two normal randoiii lanables.

and consequently may be applied to the random variable /^ given by eqs-

(2) and (2'). Fieller's theorem states that upper and lower fiducial limits

to P' are:

m.
. ' mu ^ m - S^^ fv,^, ^c^,^

,2
. m2V(^-g(V^)-. c^l)]l/2}/(l-V(^)

g) (3)

where m = a/b represents an estimate of/u. (a, b being estimates of ^

%nd ^6 respectively), V(o^) and V(/5) are the sample variances of ̂  and
and C(o^, ^) their sample covariance.

L« formula (3), t is the ordinary t- deviate with f degrees of
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freedom (used to calculate the sample variances) and at the chosen proba-

bUity level, and

g =t2V(^)/b2 (S')

It is easy to see that the differences I -T, I- C represent
estimates of <£ and /3 respectively, while the protective effect E (given by
eq. (1)) represents an estimate of yd/. Therefore:

a=I-T; b=I-C; m=E (4)

Further, let us consider the most frequent case where only one
error mean square, s2, occurs to the analysis of variance of the data.
Then, one may assign the same sample variance to each of the n^+ n^ +

-,. ng variables x^, y and z^, I. e., V(x^) = V(y^) = V(z^) s", where:

E:<1, n2 ^ <^, - ^>2-$: <ck - C)2
2 1

s .= nl- 1 +n2- 1 +n3 '

Thus, ustnd eqs (2) one gets:

nl 0 _^
V(^) = (S:V(x^))/^ + (2::V(y^))/nl (^ + ^) s

(5)

(6)

n "g

V(^[ ) - (^ V(x^))/n^ ( ^ V(z^))/nl = <^ - n; )s (7)

To calculate the sample covariance C(c^, ^) we shall start from
the definition of a theoretical covariance;

Cov (^, /i) =M(oC'. ^) - M(oC) M(^3) (8)

where M( ) represents the expectation of the random variable written to-
side the bracket.
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But :

1 nl nl n2
I: Z: xmxp)/nl - (E E xmyp)/nln2
m=l p=l m=l p=l

nl n3 n2 n3
(Z 7T xmzp)/nln3 + (I1 ^ymzp)/n2n3 (9)
m=l p=l m=l p=l

On the other hand, x,, y, and z,, are independent variables, and

consequently:

nl nl
M^)=(^M(x^ + ^_ j_ M(xm) M<xp))/n^

1 m=l p=l
(m/^p)

_D1 n2
(j^ ^ M(x^) M(yp))/n^n^
m=l p=l

Dl n3
(^ ^-M(x^) M(Zp))/n^ +

m=l p=l

n2 n3
+ ^ ^ M(ym) M<zp))/n2n3

m=l p=l

SimUarly:

\ n2
M(cC) = (^M(x^))/n^ (^ M(y^))/n^

1 1

(10)

(11)

M(^) = (^ M(x^))/n^ - (^M(z^))/ng
1 1 221



Therefore;

nl nl
M(cC} M(^3) = (^~M';(x^) + ^ ^M(xm) M(xp))/n]'I

nl n2

m=l p=l

(m/^p)

(^ ^- M(x^) M(yp))/n^
m=l p=l

(12)

n- n.
1 3 n2 n3

(J_ ^ M(x^) M(Zp))/n^g (^ ̂ M(y^) M(Zp))/n^g
m=l p=l m=l p=l

It follows that:

n.

Cov (c^, ^) =^_(M(x^- M2(x^))/n^ (13)

But M(x. ) - M (x ) represents the theoretical variance, D(x ),
of x., and hence:

Cov (.<^, p) =^D(x^ (13')

To obtain the sample covariance, we shall replace D(x^) by the
sample variance V(x^) = s~. It results:

C(<^, ^3) = s2/n^ (14)

Now, using eqs. (4), (6), (7) and (14), the equation (3) leads to

the following formulae for the fiducial limits of the protective effect:

, °-{E-'fl -^^"-2EV"' E2v

222
- g(v 11 V

'22

^9.-|V2^
~J/(l-g)

22

(15»
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where:

^^^. ^^^^=J-
11 n n^ '12 n^

v :^-+^
22 n^ ng

(15')

When

g = t2s2v^/(I - C)2 (3")

is less than 0. 1, eq. (15) simplifies to :

EL.U=E^^-(V11-2EV12+EV (15")

Equation (15") Is good enough for most practical purposes.
An exam Ie of assi in fiducial limits to a rotective ef eot

To establish the antilipidical effect of the mucopolysaccharide

extracted from M Uus allo ravine tails in the tatoxication with Triton, an

experimental procedure using three groups of animals (rats) has been used
an the data needed to apply eq. (15) are summarized below.

Group of
animals

fatoxicated

N = 20)

Mean values I =0. 94

n
Sum of

squares

Protective
effect

^ (l, -l)2

= 1. 7899

Intoxicated and

treated

(n = 20)

T = 0. 49

n.
^2

Z- (T -T)]

= 0. 2812

I - T

Standard

(n = 20)

C = 0. 06

^ <°^>2
0. 0025

E = = 0. 51

I - C

Error mean g2 ^ ^ ^ggg ^ o. 2812 + 0. 0025)/57 = 0. 0364
s uare

vll' V12'V22 V11=V22=0-1; V12=o-05
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s" is based on f = 57 degrees of freedom, and the cor-

responding t-deviate for a probability of 0. 05 is t = 2. 00. Then, eq. (3")

gives g = 0. 019, and therefore the simplified eq. (15") may be used to

assign fiducial limits to E. One gest: E^ = 0, 39, E^ = 0. 63, i. e., with
a degree of confidence expressed by the 95 per cent. probability level, one

may say that the protective effect is not less than 39%. and not greater

than 63%.
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