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Abstract. One of the methods used in the genotoxicity study of chemical
compounds is micronucleus test in vivo. There is no clear consensus as to
which statistical method is most suitable to study the frequency of
occurrence of micronucleated polychromatic. erythrocytes. This paper pro-
poses two statistical tests: approximate normal test and conditional binomial
test (Kastenbaum & Bowman). ' ‘

INTRODUCTION

It has long been known that some chemicals can cause alternations
in genetic material leading to malignant diseases (11). Numerous short-
-term tests have been developed to detect the ability of chemicals to
cause such changes. They are successfully used on a large scale. One
of these methods is a micronucleus test in vivo. Micronucleus assay is
used to identify clastogenic compounds, i.e. those capable of inducing
structural changes in chromosomes. The method also detects damages of
the mitotic apparatus induced by chemicals (6). The test has specificity
(ability to correct classification of non-carcinogenic compounds as nega-
tive) of about 80%, and sensitivity (ability to correct classification of
carcinogenic chemicals as positive) of 54%, (3).

A detailed description of the technique has been presented pre-
viously (16). In general the method involves the following procedures:
animals are exposed to the substance by an appropriate route. They
are sacrificed, the bone marrow extracted and smear preparation made
and stai’ned. At least 1000 polychromatic erythrocytes per animal are
scored for the incidence of micronuclei (genotoxicity assessment) and
also the ratio of polychromatic to normochromatic erythrocytes is deter-
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mined (cytotox1c1ty assay) for each animal by countmg a total of 200
erythrocytes.
» Several criteria are used for determining positive results. One such
result is a statlstlcally 51gn1f1cant (p < 0.05) dose-related increase in the
number of micronucleated polychromatic erythrocytes. Another criterion
may be based upon detection of a reproducible and statistically signi-
ficant positive response to, a least, one of the test points (30, 48, 72 h)
after the first of two (0 and 24 h) injections of studied compounds.
A test substance producing neither statistically significant dose-related
increase in the number of micronucleated polychromatic erythrocytes
nor " statistically significant and reproducible positive response at any
one of the test points was considered non-mutagenic in this assay.
Although a number of statistical procedures have been proposed for
the analysis of results obtained n the micronucleus assay, there is as
yet no general consensus as to which is the most appropriate. In this
paper, some of these methods are discussed and a proposition concerned
with statistical analysis of results in the micronucleus test is presented.

L Comparison of frequency of occurrence of micronucleated polychro-ﬁ
matic erythrocytes in the groups under treatment and in the negative
controls.

In the literature there are two general approaches toward micro-
nucleated polychromatic erythrocytes. Mitchell & Brice (13), Mitchell
et al. (14) prefer nonparametric methods, while other authors are for
parametric methods. Frei & Wurgler (4), MacGregor et al. (7), Mac-
key & MacGregor (9), Margolin, Collins and Mason (10) assume that
the probability distribution of the variable under study is known.

Nonparametric methods are slightly weaker to parametric but they
do not require the knowledge of probability distributions. The Kolmo-
gorov-Smirnov test was proposed by Mitchell & Brice (13). Those
authors applied the nonparametric Kolmogorov-Smirnov two-sample
test to 10—12 animal samples achieving correct results. However, the
Kolmogorov-Smirnov test may produce incorrect results for four animal
samples in our micronucleus assay. The same limitation refers to the
Wilcoxon test. Furthermore, there exists another limitation of the
Wilcoxon test, namely there are many tied ranks within small samples.
Therefore, in our opinion parametric tests are more suitable than non-
paramtetric ones.

MacGregor et al.,(6) ascertain the estimation that the retaining
spontaneous results (negative control) is conclusive in the discussion



Statistical analysis of genotoxicity 203

about statistical methods. Hart and Engberg-Pedersen (5) show that the
ratio of normochromatic to polichromatic erythrocytes followed a nor-
mal distribution, while the incidence of micronucleated polychromatic
and normochromatic erythrocytes followed a binomial distribution.
Amphlett & Delow (1) assume that the number of micronucleated poly-
chromatic erythrocytes in 1000 polychromatic erythrocytes from each
treated group and the negative controls come from Poisson distribution.
However, at very low incidence (about 2/1000) the binomial and Poisson
distributions are fairly similar (5), and such frequencies (2/1000——5/1000)
occur in practice.

In this paper two statistical tests are proposed. The first test is
based on a standard normal approximation to the distribution of the
difference between two sample proportions (10) and the other — on
the conditional binomial test according to Kastenbaum and Bowman (4).
Approximate normal test

This test requires following assumptions:
1° Group sample sizes greater than 500.
2° Probability less than 0.05 for a binary observation from any experi-

mental unit being “positive”. ’ ' '
3° Historical control data will not be included in the statistical analysis.

Let N, and N, be the sample size in the control and the treated
groups respectively and n. and n, represent, respectively, the observed
numbers of genotoxic events in the control and the treated groups, and
n./N., n/N; represent the associatied observed genotox1c change frequern-
cies (Table 1). o

TABLE 1. Binomial results from a mutagenicity experiment

Genotoxic Control Treated '
events group group Totals
+ ne N t —nt n

- Ne—n, N:—n¢ N—n

Totals N. ' ng . N

‘ Experimental units in the control and treated groups may be
thought of as having unobservable probabilities P, and P,, respectively.
We have two alternative hypotheses: Hy: Py<<P. and H;: P;>P.. Sta-
tistics for testing Hy against H, is following:

Zn = A/SE
where,
A = (n/N;y) — (n/No)

N N
SE=[p (1 — p) {1/N.+1/N,}]2
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= (n;+n.)/(N,+N.) =n/N.

Statistic Zn has the approximately standard normal distribution«:;nd one
can find probability :
‘ P=0(Z,)

where @ is the probility distribution function of normal distribution.
It P<o, H, is rejected, where ¢ is the level of significance, if P> q,
- Hp is accepted.

Condxtlonal binomial fest

In this test the alternative hypothesis postulates a priori that the
treatment results in m time increased genotoxic events frequency com-
paring to the level of spontaneous frequency.

Testing against the null hypothesis (Hy) at the level o and against
the alternative hypothesis (H;) at the level  leads to the error probabi-
lities shown in Table 2. '

TABLE 2. Possible diagnoses as a result of the testing problem (H,, H,) solution

__H _
Hypotheses accepted o rejected
1-8 : B8
H, ' " Inconclusive Negative
accepted 1—a . P=@0=w)(1-f) T P= (l—a)ﬁv
rejected o . _Positive Weak positive
P=qo(l—B) P=of
Let:
Po=N/A(Ne+Ny)  qe=Ny/(N.+Ny)
P1=Nc/(N.+mNy) : g1 =mNy/(N.+mNy).

We reject Hy in the binomal test if

n .
Po =3 (f)poi qet= S1(1) ot o <o

i=0 r=nt
and, by analogy, we reject H, if
‘ at .
B= S o= S ar ‘<B
i==0 , ¢ r=ne
Example (Table 3).

Both tests, i.e. the approximate normal test and the conditional
binomial test, lead fo the same conclusion. Under Anionic Brown GM
none of the hypotheses Hy and H; can be rejected. Under Direct Yellow
12 both tests reject Hy and the conditional binomial test accepts H,,
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TABLE 3. The results of genotoxicity study of Anionic Brown GM (colour index 80,
7—16) and Direct Yellow 12 at dose 40%, LDj, for male mice. Number of micro-
nucleated polychromatic erythrocytes per 1000 polychromatic erythrocytes

Animal Anionic Brown GM Direct Yellow 12
e Negative Treated Negative " Treated
. control group control group
1 3 3 6 23
2 2 4 7 24
3 2 4 6 24
4 2 -3 7 29
Totals " 9 14 26 100
Results of approximate normal test )
= (14--9)/4000 = 0.00125 (100—26)/4000 = 0.0185
= 23,/8000 ='0.002875 126/8000 = 0.01575
SE = . 0.0012 0.000815
Zn = 0.0125/0.0012 == 1.04 . 0.0185/0.000815 = 22.7
P = --0.2323 0.0000
Results of conditional binomial test
(m=2) '
P, = 0.202 : 0.0000
Py ==0.348 0.99941
(m=1) . )
==0.202
P, = 0.895

i.e. Direct Yellow 12 is genotoxic. The binomial test leads to stronger
conclusion: frequency of micronucleated erythrocytes is 2. times higher
than spontaneous one.

II. Analysis of more than one treated group

In the case of a few treated groups many researchers use analysis
of variance with multiple comparisons test as a method of statistical
analysis of outcomes (e.g. The Collaborative Study Group (2), McGregor
et al. (7). Mitchell (12), Whorton (17). They use regression methods for
fitting dose-response relationships (e.g. Amphlett & Delow (1).

Because we do not fit dose-response relationships, we use one-way
analysis of variance with multiple comparison tests (Dunnett or Scheife
or Tukey test) to study a few groups of outcomes.

Whorton (17) suggests to use transformation 1/2 (Vx+Vx+1) to sta-
bilize the variance. x denotes number of mutated cells among study
group of cells. This transformation really diminishes the variance hetero-
geneity (Table 4), but sometimes group variances are heterogeneous
after transformation and we are not able to use F statistics in analysis
of variance (Table 4).
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TABLE 4. The resutls of genotoxicity study of Anionic Brown GM at doses
40%, LD;, and 80% LD, for male mice

Number of micronucleated/1000
polychromatic erythrocytes
before after

transformation transformation

Group of animals

Negative .control 3 1.87
2 1.57
2 1.57
2 1.57
Mean 2.25 1.65
SD 0.50 0.15
40%, LD;, 3 ) 1.87
4 2.12
4 2.12
3. 1.87
Mean 3.50 2.00
SD 0.58 0.14
80%, LD;, 2 1.57
4 2.12
4.5 2.23
3 1.87
Mean 3.38 1.95
SD 1.11 - 0.29
Homogeneity variance
Bertlett’s test 2.004 1.796
Probability for
Bertlett’s test 0.367 0.407

And so the following sugestion appears: after transformation 1/2
(Vx+Vx+1) one ought to use Bartlett test for studying hemogeneity
of variance and then the significance of group difference test by para-
metric (F-Snedocor statistics) or nonparametric (Kruskal-Wallis) analysis
of variance with multiple comparisons.

CONCLUSIONS

Approximate normal test and conditional binomial test are appli-
cable to comparison of occurrence of micronucleated polychromatic
erythrocytes between the treated group and the negative control. In the
case of more than one treated group, we propose to use complete (i.e.
with heterogeneity of variance and multiple comparison tests) one~-way
analysis of variance after Whorton’s transformation,

\



Statistical analysis of genotoxicity 207

REFERENCES

1. Amphlett GE, Delow GF. Statistical analysis of the M1cronuc1eus Test. Mutat
Res, 128, 161, 1984,

2. The collaborative study group for the micronucleus fest. Sex dlfference in the
micronucleus test. Mutat Res, 172, 151, 1986,

3. Coton C, Leonard A, Decat G. Induction of Micronuclei in BALB/c Mouse
Bone Marrow Cells. In: Evaluation of Short-term Tests for Carcinogens, Vol. I.
eds. J Ashby et al. Repport of the International Programme on Chemical Safety
(UNEP/ILO/WHO), Cambridge University Press on Behalf of the World Health
Organization, New York—Melbourne 1179—1186, 1908.

4, Frei H, Wurgler FE. Statistical methods to decide whether mutagenicity test
data from drosophila assays indicate a positive, negative, or inconclusive result.
Mutat Res, 203, 297, 1988.

5. Hart JW, Engberg-Pedersen H. Statistic of the mouse bone-marrow micro-
nucleus test: counting, distribution and evaluation of results. Mutat Res, 111, 195,
1983.

6. Heddle JA, Salamone MF. The Micronucleus Assay.‘I. In vivo. In: Short-
-Term Tests for Chemical Carcinogens, eds. H Stich and RH San. Springer, Ber-
lin—Heidelberg—New York 243—254, 1980.

7. MacGregor JT et al. Mutagenicity test of diflubenzunon in the mlcronucleus
test in mice, the L5178Y mouse lymphoma forward mutation assay, and the Ames
Salmonella reverse mutation test. Mutat Res, 66, 45, 1979.

8. MacGregor JT et al. Guidelines for the conduct of micronucleus assays in
mammalian bone-marrow erythrocytes. Mutat Res, 189, 103, 1987.

9. Mackey BE, MacGregor JT. The micronucleus test: statistical design and
analysis. Mutat Res, 64, 195, 1979.

10. Margolin BH, Collings BJ, Mason JM. Statistical analysis and sample size
dsterminations for mutagenicity experiments with b1nom1a1 responses. Environ
Mutagenesis, 5, 705, 1983.

11. Miller JA. Carcmogenesxs by chemicals: an overview. Cancer Res, 30, 559, 1970.
12. Mitchell . I de G. Guidelines for testing of environmental agents. The inter-
action of statistical significance, biology of dose-response and test design in the
assessment of genotoxicity data. Mutagenesis 2, 2, 141, 1987.

13. Mitchell I de G, Brice AJ. Investigations into parametric analysis of data
from in vivo micronucleus assays by comparison with non-parametric methods.
Mutat Res, 159, 139, 1989.

14, Mitchell I de G, Dixon PA, White DJ. Analysis of in vivo results of
cyclophosphamide-induced chromosomal damage in mammals from sensitivity and
statistical aspects. J Toxicol Environ Health 7, 585, 1981.

15. Organization for Economic-Cooperation and Development, ed. Genetic
Toxicology — Micronucleus Test, 1983.

16. Przybojewska B. The methods applied in evaluation of mutagenic and geno-
toxic properties of chemical compounds. Part I. Micronuclear test. Med Pracy 39,
360, 1988 (in Polish).

17. Whorton EB, Jr. Some experimental design and analysis considerations for
cytogenetics studies, Environ Mutagenesis, Vol 7, Supplement 4, 9, 1985.

Received for publication: April 17, 1990
Accepted for publication: May 28, 1990



