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Abstract

Several alternative statistical procedures have been suggested and published to statistically
analyze the incidence of micronucleated polychromatic erythrocytes (MNPCs) among
treatment groups, but no standard procedure has been singled out and exclusively
recommended. In this project, Hothorn and Gerhard (2008, 2009) recommendations for the

statistical evaluation of in vivo and in vitro micronucleus (MN) assays were implemented.

The genotoxic activity of two candidate chemicals, TO1 and T02, were assessed in the rodent
bone marrow micronucleus test using male mice. Results show that oral administration of
TO1 for a day was found not to increase significantly the frequency of micronucleated
polychromatic erythrocytes (MNPCES) in any of the test compound dose groups when
compared to their concurrent vehicle control group (demineralised water). An increase in MN
frequencies was noted only in the positive control group indicating the validity of the assay.
On the other hand, MN frequencies were significantly elevated in mice exposed to any dose
level of TO2 administered orally in a single frequency of dose. Hence, the results of this study
indicate that TO1 and TO2 were tested to be a negative and a positive compound, respectively,

under the anticipated condition of the tests used.

Similarly, the possible genotoxic effect of D/L Menthol was investigated by analyzing the
frequencies of micronuclei in cultured lymphocytes exposed to D/L Menthol. Under the test
conditions of the assay, D/L Menthol, either in the presence or absence of metabolic
activation (S-9), did not induce a clear dose-dependent increase in the micronuclei
occurrence. These results suggest that D/L menthol does not have a chromosomal-damaging

effect in mammalian lymphocytes.

Keywords: D/L Menthol; In vivo; In vitro; micronucleus; MNPCs; S-; TO1; T02



1 Introduction

Genotoxicity testing is a vital element of a product safety assessment which is highly
recommended by the regulatory agencies around the globe. It is designed to assess and detect
chemicals that induce genetic damage. Thus far, the fourth International Conference on
Harmonization (ICH4) of Genotoxicity Guidelines recommended the micronucleus assay
(MNC) as one of the standard three-test batteries for genotoxicity testing of pharmaceuticals.
The two most well established tests as screening methods of new chemical entities with a
widespread acceptance in industry and authorities are the in vivo and in vitro micronucleus

assays.

As a measure for chromosomal aberrations in vivo, data on the frequency of micronucleated
erythrocytes (MN) per a certain number of scored polychromatic erythrocytes (PCE) per
animal are usually determined and analyzed using an appropriate statistical test. On the other
hand, in the case of in vitro, data on the frequency of MN from a thousand of cells were
evaluated. Thus, the attention of this paper was restricted only on the statistical procedure for
the analysis of micronuclei particularly on the application of methodology suggested by
Hothorn and Gerhard (HG, 2008; 2009).

HG considered different aspects in the statistical evaluation of the in vivo/in vitro
micronucleus assay. One aspect concerns the choice of the experimental unit and the potential
presence of overdispersion often ignored in traditional analyses. In in vivo, biologically
speaking the standard protocol design is basically a randomized one-way layout including a
negative control, several doses or treatment groups and, optionally, a positive control. Five to
ten animals are randomly assigned to each treatment group. For each animal, a number of
polychromatic erythrocytes (PCEs) are scored and evaluated for the presence of small
micronuclei. Likewise, the predominant design for in vitro is a randomized one-way layout.
A duplicate cell culture of mammalian origin is exposed to a series of test substance
concentrations, i.e. a minimum of three dose levels, both with and without a source of
metabolic activation. Concurrent vehicle and positive controls are included in all tests.
During or after exposure to the test substance, the cells are grown for a period sufficient to
allow chromosome damage to lead to the formation of micronuclei in interphase cells.
Harvested and stained interphase cells are then analysed for the presence of micronuclei
(OECD, 2009).



As proposed by Kim et al. (2000), a formal statistical approach is to assume a Binomial
distribution of the number of micronuclei observed in 2,000 PCEs. This means pooling the
number of MN over the animals to have one estimate of the proportion for each treatment
group. These proportions are evaluated using a Dunnet-type procedure or the Cochran-
Armitage trend test. However, such approach is not recommended by HG because pooling
the number of MN over all animals/cultures ignores the variability between the animals as
experimental units. They propose to model this between-animal variability using extra-

Poisson or extra-Binomial models.

The second statistical aspect is the contradiction between statistical significance and
biological relevance. Traditionally, scientists rely on the p-values from their reporting
systems to draw conclusions regarding the safety of a compound. P-values represent a
probability of falsification but do not provide interpretation in terms of biological relevance.
HG suggest the use of confidence intervals which allow interpretation of both statistical

significance and biological relevance at the same time.

The third aspect is the type of inference. HG dwell upon the type of inference that is of
relevance in trying to identify an increasing dose-related trend, possibly with downturn
effects at high doses (Bretz and Hothorn , 2002).

Finally, HG propose a proof of safety approach for a possible claim that a compound is not

genotoxic.

The purpose of this project was to implement, apply and discuss the recommendations of HG
using the genotoxicity database of the test compounds TO1 and T02 from in vivo and D/L
Menthol from in vitro micronucleus assays. Furthermore, the results were compared with the
widespread “traditional” ANOVA-like approaches that completely ignore the between-animal
variability, focus on p-values and linear trend tests only, and are set up in terms of proof of

hazard.

The paper was organized as follows: in the subsequent section motivating examples are
introduced from the in vivo as well as the in vitro settings. Section 3 describes the statistical
methodology. Results are discussed in Section 4. And finally, Section 5 presents the

discussion of the findings, conclusions and recommendations.



2 Motivating Examples

2.1 In Vivo Micronucleus Assay

In this project data were considered from two independent in vivo assays— one from an assay
with compound T02 and another (with different harvesting times at 48 and 72 h), from an
assay with compound TO1. In both assays, male mice were randomly allocated into three
different dose levels of testing groups — low, medium, high - , a concurrent negative and,
optionally, a positive control group. Five to six mice were selected randomly in each group.
In total, 15 male mice in each harvesting time was used and analyzed separately for TO1
while a total of 20 mice was sacrificed for TO2. Each mouse in the vehicle control was given
demineralised water while each mouse in the remaining groups was treated with a certain
dose of TO1l or T02. Next, blood samples were obtained for each mouse based on the
harvesting time after dosing specified in the protocol (see Table 1). Micronucleus
frequencies were determined for each animal by scoring 20,000 polychromatic erythrocytes
(PCEs) and the micronucleus occurrence per 20,000 PCEs was recorded. Results from
animals that died, or for which no information could be obtained, were excluded from the

data. The dosing schemes for the two different compounds are summarized in Table 1 below.

Table 1
Dosing scheme for the micronucleus assay with T01 and T02 compounds
T01 T02
Harvest Harvest
Dose No.of  Timeé  Frequency | No.of  TiIMe  Frequency
Group Rat (h) of Dosing Rat (h) of Dosing
VC 6 48,72 5 27
Low 6 48, 72 . 5 27 3-day
. Single
Medium 6 48, 72 dose 5 27 repeat
High 6 48, 72 5 27 dose
PC 6 48 - -
h: hour



2.2 In Vitro Micronucleus Assay

D/L Menthol was tested in an in vitro micronucleus assay using duplicate mammalian
lymphocyte cultures prepared from two mice donors in two independent experiments. To
show reproducibility of the results, the two replicate cultures were performed both in the
absence and presence of metabolic activation (S9-mix). Mitomycin-C (MMC), at 0.02, 0.03,
0.07 and 0.10 pg. /mL and Cyclophosphamide (CP), at 1.5 and 2.5 pg. /mL, were used as the
positive controls in the non-activated and activated systems, respectively. Sterile dimethyl
sulphoxide (DMS) was added to cultures designated as negative control. The cells were
treated at concentrations ranging from 40 to 250 pg. /mL, both in the presence and absence of
the metabolic activator S-9, until cell harvest. The harvest time was either 4h or 24h after the
initiation of the treatment. The treatment scheme is summarized in Table 2 below. Finally,
around 1000 cells from each culture (around 2,000 per concentration) were analysed for the
presence of micronuclei. Information such as the number of micronucleated cytokinesis
blocked cells (MN), the treatment groups, a negative control, the different doses and the
positive controls were extracted from the raw data for the analysis (see Appendix, Tables 1-
3).

Table 2
Treatment scheme for the in vitro micronucleus assay on D/L Menthol

Treatment Condition

24/-S9 4h/+S9 4h/-S9
Group Conucge'r};r]?_tlon Group Con;ge.r}':]zzitlon Group Con:g(e.r}':rr]al_tlon
Conc. 1 40 Conc. 1 50 Conc. 1 50
Conc. 2 60 Conc. 2 100 Conc. 2 100
Conc. 3 80 Conc. 3 150 Conc. 3 125
Conc. 4 100 Conc. 4 200 Conc. 4 150
Conc. 5 150 Conc. 5 215 Conc. 5 175
Conc. 6 175 Conc. 6 225 Conc. 6 200
Conc. 7 200 Conc. 7 230 Conc. 7 250
MMC 0.02 CP 1.50 DMS 0.00
MMC 0.04 CP 2.50 MMC 0.07
DMS 0.00 DMS 0.00 MMC 0.10




3 Statistical methodology

3.1 In vivo micronucleus assay

In this section the number of micronucleated erythrocytes (MN) in an in vivo micronucleus
assay constitutes the primary endpoint. The micronucleus frequencies were determined by
analyzing the number of micronuclei from at least 20,000 PCEs per animal. Preliminary
analyses were done by presenting box plots to get an initial impression about the data at hand.
In this section we further present the traditional Poisson model, the quasi-Poisson model, a
trend test approach and contrast the classical ‘proof of hazard’ approach to a ‘proof of safety’

approach.
3.1.1 Poisson model

The statistical evaluation of the number of micronuclei was primarily focused on multiple
contrast tests for comparisons versus the vehicular control. This number of micronuclei as
counts is analyzed using the classical approach Poisson model. This means that for each
treatment group only one count is estimated by pooling the number of MN over animals.
According to Parodi and Bottarelli (2006), the Poisson regression model is often applied to
study the occurrence of small number of counts or events as a function of a set of predictor

variables.

Let Y;jbe the number of micronuclei observed in the i" animal at dose dj, j=0, 1, 2,..., m. If

Y; can be assumed to be distributed independently with

Y; ~ Poisson(u(x;)) (1)
Then, the log-linear Poisson regression can be applied such that

p(x;) =exp(e+ £7x;) ()

where ¢ is the log of mean of the reference group, i.e. vehicle control, ' is a vector of the
parameter estimates and x; is a vector of the covariates. In this case the covariate was the

indicator variable for the dose group.



Accordingly, to observe any significant differences amongst the dosage sets in assessing the
genotoxicity effects, the Dunnet’s-type procedure was used to determine if any differed from

the vehicle control.

The key assumption of this model is that mean and variance are equal, i.e. V()= . This

approach, however, does not recognize animals as experimental units and is therefore not
recommended since it results in too liberal decisions (HG, 2009). HG propose to take into

account the between-animal variability which is further discussed in the next subsection.
3.1.2 Quasi-Poisson model

HG highlight the importance of taking into account the between-animal variability since the
individual animal is the experimental unit. Without accounting for extra-variability, the
simple Poisson approach becomes more liberal with increasing overdispersion. Its
implications include underestimation of standard errors and thus wrongly inflating the level
of significance (Lee et al., 2012 ). They recommend fitting a quasi-Poisson model for counts.
A quasi-Poisson model is a type of generalized linear models where instead of the
maximization of the Poisson likelihood a more relaxed relationship of the mean-to-variance
dependency is assumed. Ramon et al. (2002) suggested that, with generalized linear models,
overdispersion can be accounted for by fitting the Poisson model but adjust the standard
errors and test statistics. This can be done by introducing an additional parameter to the
model, representing the deviation from the Poisson variance assumption. To account for extra

variation, the quasi-likelihood methods can be fitted under the assumption V() = pu where

a value of p larger than one indicates overdispersion (HG, 2009).

3.1.3 The Trend Test

Traditionally, to evaluate the number of micronuclei it is suggested by Margolin and Risko
(1988), cited by Hayashi et al. (1989), to use the Cochran-Armitage trend test (Cochran,
1954; Armitage, 1955) to verify the dose-response trends of MNPCEs. This tests the null
hypothesis of no trend, i.e. the number of MNPCEs is the same for all dose levels versus the
alternative that there is a linear trend across increasing levels of dosage. However, the CA
test should not be recommended because it is underpowered when the true trend is not linear,
i.e. when the dose and response exhibit a convex and concave relationship (Bretz and
Hothorn, 2002). Moreover, this should not be recommended because of its ignorance of the
between-animal variability (HG, 2009). For this reason HG propose to use a Williams-type

6



procedure for trend test over Cochran-Armitage (CA) trend test. The CA trend test is
particularly sensitive for near-linear shape, whereas the Williams trend test is sensitive to
several shapes. This procedure tests the null hypothesis of no difference among the counts
against the alternative that the counts are increasing with increasing dosage compared to the
control group. To achieve this comparison, higher concentrations groups are successively

pooled and compared to the control (Herberich and Horthorn, 2012).
3.1.4 Proof of hazard vs. proof of safety

The purpose of toxicology testing is to assess the safety of a new test substance relative to a
control whether it is harmless up to a specified dose, or harmful. Based on this aim, statistical
test of the classical null hypothesis of no difference are usually performed. Failing to reject
the hypothesis, i.e. either a non-significant p-value or when the point-one hypothesized value
is greater than the lower bound confidence limit of relative risk, often leads to the conclusion
that the compound has no harmful effect. This is the traditionally used criterion for
harmlessness which demonstrates proof of hazard. The major drawback of this approach is
the fact that what is controlled by a pre-specified level is the probability of erroneously
concluding hazard. In fact the primary control of the false decision rate, i.e. confidence in
negative results, should be preferred in toxicology (Herberich and Horthorn, 2012). Summing
up, proof of hazard is an indirect approach and often leads to the problem that statistical
significance does not necessarily mean toxicological relevance and statistical non-
significance does not necessarily mean toxicological irrelevance (Hauschke et al., 1999). In
short, be confident with negative results (Kirkland, 2000). Thus, the so-called proof of hazard
Is inappropriate simply because absence of evidence is not evidence of absence (Altman and
Bland, 1995). For this reason HG recommend proof of safety to demonstrate harmlessness
where the probability of erroneously concluding safety is directly controlled. The differences
to the proof of hazard with the control of the familywise error rate are (1) the estimation of
the upper confidence limits instead of the lower limits, and (2) interpreting interval inclusion
instead of superiority interpretation by means of point estimator and confidence limit (HG,
2009).

In this study, for proof of hazard, the common decision was to conclude harmlessness if the
p-value of the test for any dose vs. control was non-significant (p-value>0.05), otherwise

harmfulness is concluded. This classical test problem was formulated as follows:



Ho: 7y /7, <1 harmless

control

Ha: 7z, | 74, >1 harmful

For the proof of safety approach, the specified direction of harmlessness was defined, i.e.
only an increasing number of micronuclei were considered to be harmful. For this reason, the
non-inferiority test which is a one-sided hypotheses test was primarily used for proof of
safety to demonstrate the possible harmfulness of a certain dose assuming a three-fold
threshold of tolerability. Harmlessness was declared for at least one dose if the upper limit of

the relative risk is below the three-fold threshold. The following hypotheses were evaluated:

HO : 7o | 7T oopeo = Sharmful
Ha: 7y | 7000 <3 harmless
3.2 In vitro micronucleus assay

Similar to in vivo, we can also analyze the MN as counts by pooling the number of MN over
culture using a Poisson model. Let Y;; be the number of micronuclei observed in the i" culture
under concentration c;j, j=0,1,2,...,m. If Yj; can be assumed to be distributed independently

with

Y; ~ Poisson(u(x;)) (3)
Then, the log-linear Poisson regression can be applied such that

H(x;) =exp(a+ X)) (4)

where ¢ is the log of mean of the reference group, i.e. vehicle control, ' is a vector of the
parameter estimates and x; is a vector of the covariates. In this case the covariate was the

indicator variable for the concentration group.

Moreover, trend test, proof of safety and proof of hazard were performed as discussed

previously.
3.3 Statistical Software

All statistical procedures were implemented in R. The codes used for the analysis were
counterchecked by using a user-friendly graphical user interface (GUI) stat4tox which can be

downloaded online for free. All analysis were done at 5% level of significance.

8



4 Results

The results of the potential genotoxicity of TO1, TO2 and D/L Menthol were presented in
this part of the paper.

4.1  Statistical evaluation of in vivo micronucleus assay

In this section, the genotoxicity effects of TO1 and TO02 were evaluated using in vivo
micronucleus assays. Figure 1 illustrates the results of the mice bone marrow erythrocyte
micronucleus assay. The assay with TO1 with harvesting time of 48 and 72 h depicted no
effect in locations while TO2 posted a positive assay. An increase in the frequency of
micronucleated polychromatic erythrocytes (MNPCES) in treated mice is an indication of

induced chromosome damages (Krishna and Hayashi, 2000).

In vivo MN Assay with T01 (Sampling Time:48h) In vivoe MN Assay with T01 (Sampling Time:72h)
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Figure 1. Boxplots for TO1 and T02



Traditional Approach: Poisson Model

Let us first apply the traditional Poisson model, described in Section 3.1.1 on our in vivo data.
Tables 3 to 5 summarize the results of the in vivo micronucleus test for each dosage group per
sacrifice interval. Given from the tables are the relative risk (RR) and the corresponding

lower confidence limits estimated by the Poisson model (lower RR).

Genotoxicity activity is indicated by statistically significant dose-related incidence of
MNPCEs in the treatment group. A compound is traditionally considered mutagenic in the
test system if at any of the preparation intervals, a statistically significant increase in the
number of MNPCEs is found in comparison to the negative control (Shahrim et al., 2006).
Looking at the p-value, the comparisons of the three doses of TO1 versus control were not
significant indicating no difference in the risk of having micronuclei (see Tables 3 and 4).
However, looking just at the p-value would not allow us in claiming the biological relevance
by its distance to the null hypothesis point of one. Thus, the 95% lower confidence limit for
relative risk, denoted as LowerRR in the table, was provided to show not only the statistical
significance but the biological relevance as well. Results from Tables 3 and 4 show no
significant increase 48 and 72h after application of the three doses of the TO1 as compared
with the negative control since the point one hypothesized value was greater than the
estimated lower limit of relative risk. This compound had no indication to induce clastogenic
effects and therefore was evaluated as negative at any level of dose administered in both
periods of harvest. However, the positive control induced significant and biologically
relevant increase in the number of MNPCEs at 48h administration, confirming the validity of
the assay. Conversely, Table 5 shows there was a significant increase in MNPCE observed in
all level of doses of TO2 over the vehicle control. Lastly, the final choice in claiming drug

safety or harmfulness can be done with the help or verdict from a toxicologist.

To further elucidate the genotoxic properties of TO1 and TO02, it is imperative to assess the
dose-response relation to confirm the toxicity of chemicals (Hayashi et al., 1989). The
Cochran-Armitage trend test revealed no significant trend for TO1 with 48h and 72h as
sampling hours yielding p-values 0.11 and 1.00, respectively. For T02, however, the CA test
supports a significant trend (p-value < 0.000) that implies the MN occurrence increases with
increasing dose score. The trend test p-values, however, did not provide any information
about the biologically relevance of the results. In the following section, we implemented the

HG proposal for a Williams-type contrast on a quasi-Poisson.

10



Table 3
Dunnett-type contrasts for relative risks (RR) on MN for TO1 (Sampling hour: 48h)

Poisson Quasi-Poisson
Comparison RR Lower RR  Pvalue Lower RR Pvalue
Low-Vehicle 1.00 0.81 0.76 0.61 0.77
Med-Vehicle 0.77 0.61 1.00 0.45 0.98
High-Vehicle 0.93 0.74 0.95 0.55 0.87
Positive-Vehicle 7.85 6.69 0.00 5.38 0.00
Table 4
Dunnett-type contrasts for relative risks (RR) on MN for TO1 (Sampling hour: 72h)
Poisson Quasi-Poisson
Comparison RR Lower RR  Pvalue Lower RR  Pvalue
Low-Vehicle 0.86 0.67 0.99 0.60 0.96
Med-Vehicle 0.91 0.72 1.00 0.66 0.93
High-Vehicle 0.82 0.65 0.96 0.59 0.98
Table 5
Dunnett-type contrasts for relative risks (RR) on MN for T02
Poisson Quasi-Poisson
Comparison RR Lower RR  Pvalue Lower RR  Pvalue
Low-Vehicle 3.13 2.58 0.00* 1.61 0.00*
Med-Vehicle 9.42 7.89 0.00* 5.13 0.00*
High-Vehicle 16.43 13.80 0.00* 9.04 0.00*

* significant at 5% level of significance
Hothorn-Gerhard Recommended Approach: Quasi-Poisson model

Let us now redo the analyses while properly accounting for the between-animal variations
according to the proposals from HG. To that end a quasi-Poisson model was fitted. The
estimated dispersion parameters were 12.0, 2.1, and 5.6 for the analysis in the assays with
T02, TO1 (sampling time: 48h) and TO1 (sampling time: 72h), respectively. This indicates the

occurrence of extra-variability.

Tables 3 to 5 present the estimated relative risk alongside with the one-sided lower
confidence limit. Apparently, this model yielded similar conclusions as that previously

discussed from using the Poisson model. No significant increase in the micronucleus

11



frequency compared with the vehicle control could be determined for TO1 while TO2 did

show increased level of micronucleated erythrocytes.

Furthermore, HG propose Williams-type contrasts for the relative risk as an alternative to
Cochran-Armitage test since the main objective was to demonstrate a possible dose-related
trend. This test is sensitive to several shapes as compared to CA test which is sensitive for
near linear shape. The direction of interest, i.e. increasing micronuclei induces chromosomal
damage, and only the lower limit is required for a conclusion regarding the trend. Therefore
we are only after in the performance of the lower bound confidence limits. The multiple
comparisons was done by successively pooling the higher dose groups and compared to the
control group. In Tables 6-8 the relative risk estimates and their lower simultaneous
confidence limits for Williams-type contrasts for the quasi-Poisson model are given. Since all
three comparisons were not significantly larger than 1, we concluded that there is no
significant increase in the number of MN with increasing dosage. The reverse was observed
for TO2 wherein the High dose group led to the most pronounced change in the number of

MN compared to the control group.

Table 6
Williams-type contrasts for relative risks (RR) on MN for T01
(Sampling hour: 48h)

Comparison RR LowerRR

C1: Vehicle vs. High 0.93 0.72

C2: Vehicle vs. Medium and High 0.84 0.68

C3: Vehicle vs. All doses 0.90 0.73
Table 7

Williams-type contrasts for relative risks (RR) on MN for TO1
(Sampling hour: 72h)

Comparison RR LowerRR
C1: Vehicle vs. High 0.86 0.62
C2: Vehicle vs. Medium and High 0.84 0.64
C3: Vehicle vs. All doses 0.86 0.67
Table 8
Williams-type contrasts for relative risks (RR) on MN for T02
Comparison RR LowerRR
C1: Vehicle vs. High 16.43 9.41
C2: Vehicle vs. Medium and High  12.13 6.99
C3: Vehicle vs. All doses 7.52 4.32
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Proof of Hazard vs. Proof of Safety

Using the traditional approach, the evaluation of the number of micronuclei using proof of
hazard revealed that none of the doses of T02 found to be harmless, i.e. signicant p-values
was observed in all tests (see Table 5). In the case of TO1, however, all p-values were
insignicant leading to the conclusion of harmlessness on all dose groups (see Tables 3 and 4).
In the present study, noninferiority can be determined by one-sided upper confidence limits
because increasing micronuclei was of interest. Assuming a-priori definition of an acceptance
threshold & equals to three for proof of safety, a non-inferiority can be claimed in all dosage
groups of TO1l but not for TO2 (see Tables 9 and 10). This coincides with the previous

findings that TO1 and T02, respectively, are negative and positive compounds.

Table 9
Proof of safety: one-sided confidence limit on non-inferiority (TO1)
) 48 h 72 h

Comparison

RR Upper RR RR Upper RR
Low-Vehicle 1.00 1.66 0.86 1.22
Med-Vehicle 0.77 1.32 0.91 1.25
High-Vehicle 0.93 1.55 0.82 1.15

Positive-Vehicle 7.85 11.45 - -

Table 10
Proof of safety: one-sided confidence limit on
non-inferiority (T02)

Comparison RR Upper RR
Low-Vehicle 3.13 6.08
Med-Vehicle 9.42 17.29
High-Vehicle 16.43 29.87

4.2 Statistical evaluation of in vitro micronucleus assay

In this section, the results of the in vitro experiment for D/L Menthol were presented. Being
an in vitro method it ensures that the cells were exposed to well-defined concentrations of
D/L Menthol. The lower one-sided confidence limits for relative risks for comparisons versus
control without an order restriction from the Dunnet-type are given in Tables 11 to 13.
Applications of the different concentrations with D/L Menthol in the absence and presence of
metabolic activation (S-9) in both experiments resulted in frequencies which were similar to

and not significantly (p < 0.05) different from those observed in concurrent vehicle controls
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for all concentrations analyzed. The genotoxic activity of the compound was enhanced in the
presence of the metabolic activation system. Clearly, culture grown in the presence of MMC
and one level of Cyclophosphamide (CP) showed statistically significant positive responses,
i.e. a several-fold increase in micronuclei frequency, as compared to the corresponding
controls in all experiments hence validating the sensitivity of the system to the known
mutagenic activity of MMC and CP under the experimental conditions used. The results

presented here point towards that there was a non-genotoxic mechanism behind D/L Menthol.

Similar to in vivo, the CA test was also used to test the trend among the number of
micronucleus for in vitro. This test is based on a totally ordered alternative hypothesis to
assess the concentration-response relationship. For the three CA tests in the experiment with
treatment conditions 24/S-9, 4/S-9, and 4/S+9, the p-values obtained were 0.8981, 0.1362 and
0.2125, respectively. The p-values were distinctly larger which favor the null hypothesis of no
significant trend among the number of micronuclei over the alternative hypothesis that the

number of micronucleus increases with increasing concentration scores.

In addition to looking at statistical significance of the trend, it is also imperative to assess the
biological relevance of the results. For this reason, the Williams-type trend test as
recommended by HG was performed which was constructed for both a total order alternative
as well as specific comparisons versus control. Tables 14 to 16 give the relative risk estimates
and their lower confidence limits for Williams-type contrasts. In this test, the presence of a
significant trend in the number of micronuclei with increasing concentration can be
concluded if at least one of the lower limit confidence intervals for the relative risks excludes
the value of one (Herberich and Horthorn, 2012). Clearly, no trend can be inferred using the
Williams-type contrast because all the 97.5% lower simultaneous confidence intervals
included the value 1. Moreover, the distance of the lower limits to 1, ranges from 0.01 to
0.44, were small that toxicologically insignificant was very likely. This is, in comparison to
CA test, the advantage of Williams-type test wherein the lower limit of the relative risk can
be used to interpret the effect size in terms of biological relevance. Furthermore, this test
provides more information regarding the dose-response shape than a simple p-value for a
global test of trend (Herberich and Horthorn, 2012).
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Table 11
D/L Menthol, 24 hour treatment in the absence of S-9

Comparisons RR Lower RR  Pvalue

Conc. 1/DMSO 151 0.76 0.29

Conc. 2/ DMSO 0.84 0.38 0.95

Conc. 3/ DMSO 148 0.74 0.32

Conc. 4/ DMSO 1.54 0.77 0.27

Conc. 5/ DMSO 0.99 0.46 1.87

Conc. 6 / DMSO 0.57 0.23 1.00

MMC1/DMSO 3.51 1.91 0.00

MMC2 / DMSO 566 3.16 0.00

Table 12

D/L Menthol, 4 hour treatment in the absence of S-9
Comparison RR LowerRR Pvalue
Conc. 1/ DMSO 0.99 0.51 0.83
Conc. 3/ DMSO 1.36 0.74 0.36
Conc. 4/ DMSO 141 0.77 0.30
Conc. 5/ DMSO 1.40 0.77 0.30
Conc. 6 / DMSO 1.16 0.62 0.63
MMC1/DMSO 4,99 3.02 0.00
MMC2 / DMSO 5.50 3.35 0.00

Table 13

D/L Menthol, 4 hour treatment in the presence of S+9
Comparisons RR LowerRR Pvalue
Conc. 2/ DMSO 1.27 0.68 0.47
Conc. 3/ DMSO 1.36 0.73 0.36
Conc. 5/ DMSO 1.27 0.68 0.47
Conc. 6 / DMSO 1.29 0.69 0.44
CP1/DMSO 155 0.85 0.17
CP2/DMSO 319 187 0.00

Table 14

Williams-type contrasts for relative risks on the number of MN (4h/-S9)
Comparison RR  Lower RR
C1: Vehicle vs. Concentration 6 1.16 0.67
C2: Vehicle vs. Concentrations 6 and 5 1.27 0.80
C3: Vehicle vs. Concentrations 6, 5 and 4 1.32 0.84

C4: Vehicle vs. Concentrations 6, 5, 4 and 3 1.33 0.86
C5: Vehicle vs. Concentrations 6, 5,4,3and1 1.25 0.81
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Table 15
Williams-type contrasts for relative risks on the number of MN (24h/-S9)

Comparison RR LowerRR
C1: Vehicle vs. Concentration 6 0.56 0.26
C2: Vehicle vs. Concentrations 6 and 5 0.75 0.41
C3: Vehicle vs. Concentrations 6, 5 and 4 0.96 0.55
C4: Vehicle vs. Concentrations 6, 5, 4 and 3 1.06 0.63

C5: Vehicle vs. Concentrations 6, 5, 4, 3 and 2 1.01 0.61
C5: Vehicle vs. Concentrations 6, 5,4, 3,2and1  1.09 0.66

Table 16

Williams-type contrasts for relative risks on the number of MN (4h/+S9)
Comparison RR LowerRR
C1: Vehicle vs. Concentration 6 1.29 0.75
C2: Vehicle vs. Concentrations 6 and 5 1.28 0.80
C3: Vehicle vs. Concentrations 6, 5 and 3 1.31 0.83
C4: Vehicle vs. Concentrations 6, 5, 3 and 2 1.30 0.83

Proof of Safety vs. Proof of Hazard

In this section, the data were evaluated using proof of safety and proof of hazard. From the
previous findings it can not be ruled out that D/L Menthol was a non-genotoxic compound
that should be assessed using a threshold concept. For this reason the proof of safety
assuming a three-fold threshold of tolerability was performed. For the proof of hazard, using
Dunnett’s approach the nonsignificant p-values obtained in all the comparisons of
concentrations versus control indicate that D/L Menthol concentrations were harmful (see
Tables 11-13). As discussed earlier, the use of a nonsignificant p-value in the simple proof of
hazard, however, is inappropriate. Consequently, the results of proof of safety were

presented.

Tables 17-19 show the relative risk estimates and their upper confidence limit for Williams-
type contrasts for the Poisson model. Though the given p-values speak nonsignificant of the
test, notice also that the one-sided upper confidence limits were roughly close to the chosen
three-fold threshold leading to the conclusion that some of the concentrations might be
harmful. The upper limit under the treatment conditions 24h-S9 of Concentrations 1, 3 and 4
exceeded the tolerable threshold which might indicate harmful effect. However, there distant
to 3 seems to be ignorable. The final determination regarding the harmlessness or
harmfulness is a complicated process where toxicologists collaborate with biostatisticians
(Horthorn and Hasler, 2008).
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Table 17
Proof of safety: one-sided Cl on non-inferiority (4h/-S9)

Comparison Estimate Upper RR  Pvalue
Conc. 1/ DMSO 0.99 1.94 0.81
Conc. 3/ DMSO 1.37 2.56 0.99
Conc. 4/ DMSO 1.42 2.65 0.99
Conc. 5/ DMSO 1.42 2.62 0.99
Conc. 6 / DMSO 1.16 2.21 0.94
MMC1/DMSO 4.87 8.10 1.00
MMC2 / DMSO 5.34 8.80 1.00
Table 18
Proof of safety: one-sided Cl on non-inferiority (24h/-S9)
Comparison Estimate Upper RR Pvalue
Conc. 1/ DMSO 1.52 3.11 1.00
Conc. 2/ DMSO 0.84 1.90 0.69
Conc. 3/ DMSO 1.49 3.06 1.00
Conc. 4/ DMSO 1.54 3.17 1.00
Conc. 5/ DMSO 0.99 2.16 0.85
Conc. 6 / DMSO 0.56 1.41 0.26
MMC1/DMSO 3.50 6.50 1.00
MMC2 / DMSO 5.57 10.96 1.00
Table 19
Proof of safety: one-sided CI on non-inferiority (4h/+S9)
Comparison Estimate Upper RR  Pvalue
Conc. 2/ DMSO 1.28 2.43 0.97
Conc. 3/ DMSO 1.37 2.58 0.99
Conc. 5/ DMSO 1.28 2.44 0.97
Conc. 6 / DMSO 1.30 2.46 0.98
CP1/DMSO 1.58 2.91 1.00
CP2 / DMSO 3.20 5.40 1.00
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5 Discussion, Conclusion and Recommendation

The ultimate goal of this project was to elucidate the induced chromosomal damage potential
of TO1 and TO2 using in vivo and D/L Menthol using in vitro micronucleus assay. Using in
vivo, as discussed in the previous section, the two different statistical approaches, i.e. Poisson
and quasi-Poisson models, led to the same conclusion — negative results for TO1 at different
sampling time and a positive result for T02. The crucial part in the analysis is the
consequence of failing to account for overdispersion, as in the case of fitting the Poisson
model, which may lead to incorrect inferences. The presence of extra variability may be due
to several factors, such as individual biological variation in response to the compounds under
study, errors in weighing and pipetting of the chemicals, the period between injecting the
chemical and killing the mice and so on. To describe the influence of ignoring the between-
animal variability, the traditional ANOVA-like approach was performed and compared with
the analysis which takes into account the extra-variability. Evidently, the comparison of
incidences of micronucleated polychromatic erythrocytes (MNPCE) using a quasi-Poisson
model was shown to be more appropriate than a similar procedure using a Poisson model.
The latter statistical approach becomes more liberal with increasing overdispersion, giving

confidence limits for significance that are too narrow.

In the case of in vitro micronucleus assay, though the culture was the randomized
experimental unit it would be more appropriate if the between-cultures variability was taken
into account. However, because of the commonly used two cultures only, the estimation of a
related dispersion parameter for proportion/count is rather unstable. This means if more
cultures are available, model with extra-variation like quasi-Poisson model is recommended.
For this reason, HG propose an approach for the pooled-over culture data, i.e. pooling all the
number of micronuclei over a culture, using a Poisson model. Findings revealed that D/L
Menthol did not induce a clear dose-dependent increase in the micronuclei occurrence.
Several studies have been undertaken to assess the potential of menthol to induce
chromosomal damage. Ishide et al. (1984) examined the induction of chromosomal
aberrations in Chinese hamster fibroblast cultures treated with menthol, with or without
metabolic activation. At the maximum concentration of 0.02 mg menthol/ml in culture for 48
h, no induction of chromosomal aberrations was evident. Similar conclusion was obtained in
a study conducted by Anderson and Jensen (1984), i.e. no induction of genotoxicity by

menthol using concentrations of menthol from 6.4 to 800 mg/plate. Murthy et al. (1991)
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provided, for the first time, the data on the effect of menthol in human chromosomes. The
findings revealed that menthol did not induce chromosomal aberrations and sister chromatid

exchange assays in human chromosomes.

In terms of claiming a possible genotoxicity of the given compounds, using proof of safety
vs. proof of hazard, HG conclude that the former is more appropriate than the latter. In this
study a three-fold threshold of tolerability for the non-inferiority test was assumed. However,
it is worthwhile to note that this chosen threshold indicates the difficulty of claiming
harmlessness with sample size of 5. HG discuss that for a primary claim of being not
genotoxic, more animals than five are needed. In toxicological studies the sample size is often
determined on the basis of regulatory guidelines. Moreover, aside from using non-inferiority
test for proof of safety an alternative approach such as the step-up estimation of the maximal

safe dose can also be performed (HG, 2009).

In terms of the interpretation of the results in in vivo and in vitro, there are several criteria for
determining a positive response, one of which is a statistically significant dose-related
increase in the number of micronucleated polychromatic erythrocytes. Another criterion may
be based upon detection of a reproducible and statistically significant positive response for at
least one of the test substance concentrations. If none of the criteria are satisfied then the test
substance is considered to be nonmutagenic in this system. Sofuni et al (1990) considered the
dose response to be (strong) positive if it had two significant doses out of three dose groups
and decided it to be weakly positive if it had only one significant dose and there was a
significant trend. However, both biological and statistical significance should be considered

together in an evaluation.

Taking together, as it was mentioned above, findings revealed no compelling evidence of
chromosomal damage as measured by micronuclei formation for compounds TO1 and D/L
Menthol except TO2. However, it is highly recommended to confer with toxicologist for the

biological relevance of the findings.
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Appendix

Table A
D/L Menthol, 24 hour treatment in the absence of S-9
- I\;Irl(\)lg\l Total Proportion of o
Treatment Replicate Cells Cells MNBN Cells  Significance
Scored Scored
Scored

DMS A 10 1073 0.009
DMS B 12 1080 0.011

Total 22 2153 0.010 -
Conc. 1 A 15 1101 0.014
Conc. 1 B 13 1094 0.012

Total 28 2195 0.013 NS
Conc. 2 A 7 1066 0.007
Conc. 2 B 8 1071 0.007

Total 15 2137 0.007 NS
Conc. 3 A 13 1080 0.012
Conc. 3 B 14 1082 0.013

Total 27 2162 0.012 NS
Conc. 4 A 15 1077 0.014
Conc. 4 B 13 1081 0.012

Total 28 2158 0.013 NS
Conc. 5 A 10 1088 0.009
Conc. 5 B 8 1091 0.007

Total 18 2179 0.008 NS
Conc. 6 A 6 1100 0.005
Conc. 6 B 4 1033 0.004 NS

Total 10 2133 0.005
Conc. 7 A 0 0
Conc. 7 B 0 0

Total 0 0
MMC1 A 31 1106 0.028
MMC1 B 35 1101 0.032

Total 66 2207 0.030
MMC2 A 56 1145 0.049
MMC2 B 55 1149 0.048

Total 111 2294 0.048

NS: not significant at 5% level of significance using Dunnet-type procedure
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Table B
D/L Menthol, 4 hour treatment in the absence of S-9

Total .
_ MNBEN Total Proportion of o
Treatment Replicate Cells Cells MNBN Cells  Significance
Scored Scored Scored
DMS A 12 1061 0.011
DMS B 11 1065 0.010
23 2126 0.011 -
Conc. 1 A 11 1071 0.010
Conc. 1 B 12 1077 0.011
23 2148 0.011 NS
Conc. 2 A 0 0
Conc. 2 B 0 0
0 0
Conc. 3 A 12 1074 0.011
Conc. 3 B 20 1094 0.018
32 2168 0.015 NS
Conc. 4 A 16 1074 0.015
Conc. 4 B 17 1078 0.016
33 2152 0.015 NS
Conc. 5 A 18 1108 0.016
Conc.5 B 16 1123 0.014
34 2231 0.015 NS
Conc. 6 A 14 1119 0.013
Conc. 6 B 14 1111 0.013
Total 28 2230 0.013 NS
Conc. 7 A 0 0
Conc. 7 B 0 0
Total 0 0
MMC A 66 1212 0.054
MMC B 67 1209 0.055
Total 133 2421 0.055
MMC A 76 1279 0.059
MMC B 79 1278 0.062
Total 155 2557 0.061

NS: not significant at 5% level of significance using Dunnet-type procedure

23



Table C
D/L Menthol, 4 hour treatment in the presence of S+9

Total .
MNBN Total BN Proportion

Treatment Replicate Cells of MNBN  Significance

SCéglrles q Scored  Cells Scored
Vehicle (DMS) A 10 1091 0.009
Vehicle (DMS) B 12 1092 0.011
22 2183 0.010 -
Conc. 1 A 0 0
Conc. 1 B 0 0
0 0 -
Conc. 2 A 13 1089 0.012
Conc. 2 B 15 1090 0.014
28 2179 0.013 NS
Conc. 3 A 16 1092 0.015
Conc. 3 B 14 1090 0.013
30 2182 0.014 NS
Conc. 4 A 0 0
Conc. 4 B 0 0
0 0 -
Conc. 5 A 14 1084 0.013
Conc. 5 B 14 1087 0.013
28 2171 0.013 NS
Conc. 6 A 14 1106 0.013
Conc. 6 B 15 1115 0.013
Total 29 2221 0.013 NS
Conc. 7 A 0 0
Conc. 7 B 0 0
Total 0 0 -
CP1 A 15 1095 0.014
CP1 B 20 1122 0.018
Total 35 2217 0.016 NS
CP2 A 40 1158 0.035
CP2 B 36 1170 0.031
Total 76 2328 0.033

NS: not significant at 5% level of significance using Dunnet-type procedure
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