. HOKKAIDO UNIVERSITY

Title A study of micronucleated hepatocytes detection in the liver micronucleus assay using young

adult rats

Author (s) ISH, =%

Degree Grantor biEERE
Degree Name B (BEZ)

Dissertation Number HE121745

Issue Date 2016-03-24
DOI https://doi.org/10.14943/doctoral. k12174
Doc URL https://hdl. handle.net/2115/62065
Type doctoral thesis
File Information Keisuke Shimada. pdf

kaid,
P U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




A study of micronucleated hepatocytes detection in
the liver micronucleus assay using young adult rats

(AT b Z2 W T APl MEZRRBR (238 1 2 /ME &
A3 D AR O 2 B9 5 i 5E)

Keisuke Shimada

Laboratory of Laboratory Animal Science and Medicine
Graduate School of \Veterinary Medicine

Hokkaido University



Contents

Contents

(0001 (=7 0| £ PP OTROURP [
ADDIEVIALIONS ...t i
PIETACE ..o 1
L@ F- o (=] SRS 5
L. INEFOTUCTION ...ttt 6
2. Materials and MEetNOUS ............oiiiiiiieie e 8
2.0 ANIMAIS ... 8

2.2, CREIMICALS ...ttt b et 8

2.3. Treatment and d0SE [EVEIS..........ooviiiiieeee e 8

2.4, LIVEr MICIONUCIEUS @SSAY .....cveiveirieriiieeieitesieesre e esiesre s e e stesra e s e sbe e sbestaesbesreessestesneeseas 9

2.5. BONE Marrow MiCroNUCIBUS @SSAY .........ciververieririiriiiieriesie et 9

2.6. Histopathological XamiNAtioN ...........c.cooeieiiiniriie s 10

2.7. StAtIStICAl ANAIYSIS......civieiiiiece e e e 11
CRESUIES ... 12
3.1. Body weight change and 1ethality............cccoiiiiiiiiiiee s 12

3.2. LIVEr MICIONUCIBUS @SSAY ....ccvvevviriiiieieiteetiesteste et ste ettt ste et ste s sresbe et sbeenaebesae e e 12

3.3. BONE Marrow MiCrONUCIBUS @SSAY ......c.erveierieririiriiniesiesiesie et 13

3.4, HiStOPAINOIOGY . .....eevieeieieiiet ettt 13

4, DISCUSSION ...ttt sttt etttk bbbt b e bbbt et et et bbbt ens 14
SIS U1 010 T TV PR 17
6. FIQUres and tables.........cvv oo 18



Contents

CRAPLEE 2 ...t 22
I [ (T [FTox (o] o S ST 23
2. Materials and METhOUS .........coueiiiiiiiei e 25

2.1 ANIMAIS ...ttt ettt 25
2.2, CRBIMICAIS ..ottt ettt et e sreeneenbesreenee e 25
2.3. Treatment and d0SE 1BVEIS........c.oiiiieiiiiee e st 25
2.4, LIVEr MICIONUCIEUS @SSAY ...veovvevviriiiieiiitectiesiesteetesteeteesteste et e sbessaestesteetesreeneebesaeennenns 26
2.5, SEatiStiCAl ANAIYSIS........civiieieiei s 27
B RESUITS ...ttt bbb 28
3.1, DiethYINITrOSAMINE ...ccvecieiiie et sbe e re b sae e 28
3.2, MITOMYCIN C oottt bbb 28
B LT T XS] o] o TSRS P TR 29
5. SUMMAIY .ttt nb e 32
6. FIQUIES and tabIES........c.ocoveieeieee et 33

(@0 0ol [115] o] o TS SRSTSTR 36

RETEIENCES ... e et re e 39

ACKNOWIEAGEMENTS ... 45

SUMMANY 1N JAPANESE ....ceveeieeciie ettt ee et esreesreesnee s 46

ii



AAALAC International

AO

Ass. Prof.
BrdU
CAS No.
DAB
DAPI
DEN
DMN
DNA
EdU

G1 phase
G2 phase
h

HBSS
HE
HEPs
HRP

ICH

Abbreviations

Abbreviations

Association for Assessment and Accreditation of
Laboratory Animal Care International
acridine orange

associate professor

5-bromo-2'-deoxyuridine

Chemical Abstracts Service Registry Number
3.3'-diaminobenzidine

4' 6-diamidino-2-phenylindole dihydrochloride
diethylnitrosamine

dimethylnitrosamine

deoxyribonucleic acid
5-ethnyl-2’-deoxyuridine

gap 1 phase

gap 2 phase

hour/hours

Hank’s balanced salt solution

hematoxylin and eosin

hepatocytes

horseradish peroxidase

International Conference on Harmonisation of
Technical Requirements for Registration of

Pharmaceuticals for Human Use

1ii



IMEs

IWGT
JEMS
LDso

Lot No.
Ml

min
MMC
MMS
M-phase
MTD
MNHEPs
MNIMEs
No.

pH

Prof.
RDLMN
rpm

SD

S phase
TBS

uv

immature erythrocytes

intraperitoneal

Abbreviations

International Workshop on Genotoxicity Testing

Japanese Environmental Mutagen Society

lethal dose 50%

lot number

mitotic index

minute/minutes

mitomycin C

Mammalian Mutagenicity Study
mitosis phase

maximum tolerated dose
micronucleated hepatocytes
micronucleated immature erythrocytes
number

potential hydrogen

professor

repeated-dose liver micronucleus
revolutions per minute

standard deviation

synthesis phase

Tris-buffered saline

ultraviolet

v



Preface

Preface

For drug development, drug candidate compounds are needed to satisfy the
regulatory requirements of drug licensing authorities. Revealing the toxicity of a novel
compound prior to human clinical trials is one of the most important things in
preclinical phase. Therefore, pharmaceutical company should conduct many types of
toxicity tests in this phase. Genotoxicity test is one of the safety tests. Genotoxicity
describes the property of chemical agents that damages the genetic information within a
cell. The genotoxic chemicals cause DNA repair, apoptosis or mutation, which may lead
to cancer. Basically, compounds that have carcinogenicity cannot develop as a drug for
human use. Therefore, the information of carcinogenicity is important for drug
development. However, pharmaceutical companies have to conduct carcinogenicity
tests in later clinical phase because carcinogenicity tests require a certain amount of cost
and time. Therefore, genotoxicity tests that can accurately predict genotoxic
carcinogenicity are expected.

Genotoxicity is induced by different mechanisms. Therefore, the development
of tests to detect different mechanisms of genotoxicity is needed to assess the safety of
pharmaceuticals. Because no single test is capable of detecting all of the relevant
genotoxic mechanisms, pharmaceutical development requires the use of multiple
genotoxicity tests. Before the initiation of the first clinical trial of the new drug
candidates, regulatory agencies require a battery of tests to ensure the safety of clinical
trial participants. Previous ICH guideline calls for a battery of genotoxicity tests
consisting of the following three types of assays: a bacterial mutation assay (Ames test),

an in vitro mammalian cell assay (metaphase analysis for chromosome breakage or a
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mouse lymphoma thymidine kinase gene mutation assay) and an in vivo rodent bone
marrow assay for chromosomal damage (rodent micronucleus assay) [1]. This guideline
also described positive results in vitro is followed up by a second in vivo study using
tissue other than bone marrow [1]. Therefore, it became a duplication of effort in some
cases. In 2011, the genotoxicity guideline set by the ICH were revised and the second
battery of tests for assessing genotoxicity is offered in addition to the previous battery
[2]. The second option includes a bacterial mutation assay and an in vivo test with two
endpoints [2]. In addition, the ICH recommended the integration of in vivo genotoxicity
studies into multiple administration studies at the pre-clinical stage of pharmaceutical
development [2].

The in vivo micronucleus assay of rodent hematopoietic cells is widely used to
assess the genotoxicity of chemicals. However, this assay is less sensitive for
carcinogens requiring metabolic activation, such as hepatocarcinogens, than direct
acting carcinogens [3]. An micronucleus assay utilizing hepatocytes in the liver would
therefore be a useful method of evaluating the genotoxicity of hepatocarcinogens [4]. In
addition, the combination of results from micronucleus assays of hepatocytes and
hematopoietic cells might improve sensitivity in the evaluation of carcinogen
genotoxicity. Given that micronuclei form during cell division [5, 6], adult rats are
considered unsuitable for the liver micronucleus assay, as hepatocytes have low mitotic
activity [7]. As intact adult rats could not be used, researchers instead used young rats
[8-11] or adult rats with partial hepatectomy [7, 12, 13] for the liver micronucleus assay.
However, these treatments make difficult to integrate the liver micronucleus assay into a
general toxicity study. In addition, the entire liver is perfused with collagenase for

hepatocyte isolation in most liver micronucleus assays. This procedure also prevents the
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evaluation of multiple endpoints, which is required in a histopathological examination.
To resolve these problems, the RDLMN assay using young adult rats was developed
[14, 15]. This new assay can integrate into general toxicity test, because it uses young
adult rats without partial hepatectomy and is not required a collagenase perfusion. For
assessing the effectiveness of this assay, the RDLMN assay using MMC was conducted
in Chapter 1.

It has been considered that liver micronucleus assay using adult rats cannot
detect the genotoxicity due to low mitotic activity. However, it could be detected in the
RDLMN assay that used non-hepatectomized young adult rats [14-16]. The
accumulation of MNHEPs following repeated dosing and the persistence of MNHEPs
were thought to be key factors in the successful detection of MNHEPSs using this
method [17]. However, | have hypothesized that the period following chemical exposure
enabled the detection of MNHEP induction in young adult rats, namely that MNHEPs
could be generated from chromosomally damaged cells and accumulated following
initiation of chemical exposure until sampling. To confirm this hypothesis, MNHEPs of
young adult rats were measured at 2 and 4 weeks after a single dose of both DEN and

MMC in Chapter 2.
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1. Introduction

The development of tests to detect different mechanisms of genotoxicity is
needed to assess the safety of chemicals, including pharmaceuticals. Because no single
test is capable of detecting all of the relevant genotoxic mechanisms, pharmaceutical
development requires the use of multiple genotoxicity tests. Recently, the genotoxicity
guidelines set by the ICH were revised, and the ICH recommended the integration of in
Vivo genotoxicity studies into multiple administration studies at the pre-clinical stage of
pharmaceutical development [2]. This integration of genotoxicity studies into a general
toxicity study would reduce the number of experimental animals used throughout the
process.

The in vivo micronucleus assay using rodent hematopoietic cells is widely used
for the assessment of genotoxicity. However, chemicals that exhibit genotoxic potential
following metabolic activation, such as hepatocarcinogens, tend to test negative in the
bone marrow micronucleus assay [18]. Based on this observation, liver micronucleus
assays have been developed. However, it is difficult to integrate the liver micronucleus
assay into a general toxicity study because this assay requires the use of young rats [8-
11] or the performance of a partial hepatectomy [7, 12, 13]. Additionally, in most liver
micronucleus assays, the entire liver is perfused with collagenase for hepatocyte
isolation, which prevents the evaluation of multiple endpoints, which is required in a
histopathological examination. To resolve these problems, liver micronucleus assay
using young adult rats without performing partial hepatectomy and perfusion was
developed [14, 15]. These studies examined this new method through the administration
of repeated doses and demonstrate that this method was effective for the detection of

genotoxicity in the liver.
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A collaborative study performed by the MMS group, which is a subgroup of
the JEMS, was conducted to evaluate the suitability of the RDLMN assay using young
adult rats. | performed the RDLMN assay using MMC as part of the referenced
collaborative study.

MMC is a well-known anticancer agent [19] that forms interstrand DNA cross-
links [20], resulting in cytotoxicity and mutagenicity. Additionally, MMC is
carcinogenic in rats. The ip administration of MMC induces peritoneal sarcomas [21].
MMC has been previously evaluated in a liver micronucleus assay, and MMC has tested
positive in all previous studies [9, 11, 22, 23].

In this chapter, | investigated the effectiveness of the novel RDLMN assay for
the detection of MMC-induced genotoxicity in the liver. MMC was repeatedly
administered to young male adult rats for 14- and 28-day period, and the frequencies of

MNHEPs and MNIMEs were determined concurrently.
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2. Materials and methods

2.1. Animals

Five-week-old male rats [Crl: CD (SD)] were purchased from Charles River

Laboratories Japan, Inc. (Yokohama, Japan). The animals were housed in an air-
conditioned room, which was maintained at 23 = 3 °C with 55 + 15% relative humidity
under a 12-h/12-h light/dark cycle, and were allowed free access to a commercial pellet
diet (CRF-1, Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water. The rats were
quarantined and acclimated for a period of one week prior to the start of the
experiments. All of the animal experimental procedures were approved by the
Institutional Animal Care and Use Committee of Astellas Pharma Inc. Furthermore,
Astellas Pharma Inc. Kashima Facility was awarded accreditation by the AAALAC

International (Frederick, MD, USA).

2.2. Chemicals
MMC (CAS No. 50-07-7, Lot No. 562AAH, 2 mg potency) was purchased
from Kyowa Hakko Kirin Co., Ltd (Tokyo, Japan). MMC was dissolved in distilled
water and diluted with physiological saline (Nissui Pharmaceutical Co., Ltd., Tokyo,

Japan).

2.3. Treatment and dose levels
Five rats per group received ip injections (5 mL/kg of body weight volume) of
MMC at 0, 0.25, 0.5 and 1.0 mg/kg/day for 14 and 28 days. The ip injection route was

selected as a substitute for intravenous injection, which is the route used in humans. The
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highest dose level was set to correspond to the expected MTD in a 28-day study period

based on a previous report [24].

2.4. Liver micronucleus assay
The preparation and observation of hepatocyte slides were performed

according to the common method described in the summary paper of this collaborative
study [16]. Twenty-four h after the last administration for each time point (14 and 28
days), the rats were euthanised under isoflurane (Abbott Japan Co., Ltd., Tokyo, Japan)
anesthesia after fasting overnight. However, the all surviving animals treated with 1.0
mg/kg/day of MMC in the 28-day study were humanely sacrificed after 23 days of
treatment without overnight fasting because of moribund conditions. The hepatocytes
were isolated using collagenase without the perfusion method and stained with AO and
DAPI. The number of MNHEPs per 2,000 parenchymal hepatocytes was counted for
each animal, and the number of M-phase cells among the 2,000 hepatocytes was also

counted to determine the mitotic MI.

2.5. Bone marrow micronucleus assay
The micronucleus assays using bone marrow were performed according to the
protocol described in the summary report of this collaborative study [16]. The bone
marrow cells were collected from the femur 24 h after the last administration, fixed with
methanol and stained with either AO or Giemsa solution. After staining, 2,000 immature
erythrocytes were scored for each animal to determine the frequency of MNIMEs. In
addition, the number of IMEs out of 1,000 erythrocytes was counted for each animal to

evaluate the cytotoxicity.
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2.6. Histopathological examination

A part of the left lateral lobe of the liver was fixed with 10% phosphate-
buffered formalin, embedded in paraffin, and stained with HE according to the standard
method.

Additionally, Ki-67 (clone MIB-5) staining was conducted for quantitative
evaluation of the hepatocyte proliferation rate. Two-micrometer sections were mounted
on glass slides. The sections were treated with xylene to remove the paraffin and then
washed with ethanol to remove the xylene. Antigen retrieval was performed in citrate
buffer (Code No., S2031, Dako, Carpinteria, CA, USA), which had been autoclaved for
10 min at 121 °C. Endogenous peroxidase was blocked by incubating the slides in 3%
H>0> for 5 min. Subsequently, the slides were rinsed with TBS at pH 7.6 and incubated
for 20 min with 1% bovine serum albumin. The sections were then incubated with
monoclonal mouse anti-rat Ki-67 antibody (dilution 1:50, Dako) overnight at 4 °C.
After rinsing with TBS, the sections were incubated with secondary antibody
conjugated with biotin and streptavidin-HRP (Dako-LSAB 2 System-HRP for use on
Rat Specimens, Code No. K0609, Dako), and visualized with DAB. The sections were
rinsed with water, and incubated in Mayer's hematoxylin as a nuclear counterstain. The
slides were scanned using the Aperio ScanScope XT (Aperio, Vista, CA, USA) at 20x
magnification. The number of Ki-67 positive nuclei out of at least 10,000 nuclei was
counted using an Aperio nuclear v9 algorithm (Aperio) to determine the frequency of

Ki-67-positive hepatocytes.

10
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2.7. Statistical analysis
The statistical analysis was performed using the same method described in the
summary paper [16]. Differences in the incidences of MNHEPs and MNIMES between
the test chemical and the vehicle control groups were analyzed statistically using
Kastenbaum and Bowman's table [25]. The other quantitative data were analyzed for

their statistical significance by multiple comparison tests.

11
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3. Results

3.1. Body weight change and lethality

The MMC-treated rats exhibited a statistically significant reduction in body

weight gain compared with the vehicle-treated controls in all of the treatment groups
(Fig. 1). Because one of the animals that received the 1.0 mg/kg/day dose of MMC died
on day 22 prior to administration and the other animals looked abnormally thin, all of
the remaining animals in the group were humanely sacrificed on day 23 after
administration. Therefore, the samples of the group treated with 1.0 mg/kg/day of MMC
in the 28-day study were prepared on day 23 and analyzed. The rats of this group were
evaluated only histopathological results but not evaluated other items, because the

number of dosing was different from other groups and the rats were in a fatal condition.

3.2. Liver micronucleus assay

The results obtained from the liver micronucleus assays of rats treated with
MMC for 14 and 28 days are shown Table 1 and 2. The MMC treatment significantly
increased the frequency of MNHEPs in both the 14- and the 28-day studies. The results
revealed 11.3-fold and 3.8-fold higher amounts of MNHEPs induced by the 0.25
mg/kg/day dose in the 14-day and the 28-day studies, respectively, compared with the
vehicle-treated controls. The maximum occurrence of MNHEPSs was found in the group
treated with the 0.25 mg/kg/day dose of MMC, and the frequency of MNHEPSs was
found to be dose-independent in both of the dosing periods. The frequency of M-phase
HEPs was significantly decreased in the groups treated with 0.25 and 1.0 mg/kg/day of
MMC during the 14-day study, but the values of the control group were slightly higher

compared with the facility's background data (0.08 + 0.08%, n=28).

12
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3.3. Bone marrow micronucleus assay
The results obtained from the bone marrow micronucleus assays of rats treated
with MMC for 14 and 28 days are also shown Table 1 and 2. In both the 14- and the 28-
day studies, the results showed that the frequency of MNIMEs significantly increased in
the MMC-treated groups in a dose-dependent manner. The frequency of IMEs was
decreased in the rats treated with 0.5 and 1.0 mg/kg/day of MMC in the 14-day study

and 0.5 mg/kg/day of MMC in the 28-day study indicating bone marrow toxicity.

3.4. Histopathology

Hypertrophy of the bile duct epithelium was observed in the rats treated with
1.0 mg/kg/day of MMC in the 14-day study. Hypertrophy of bile duct epithelium and
prominence of hepatocytic nucleolus were observed in the rats treated with 1.0
mg/kg/day of MMC in the 28-day study. However, no change was observed as a result
of the 0.25 and 0.5 mg/kg/day doses of MMC. There were no histopathological findings
that suggest obvious hepatocyte cytotoxicity in both study periods (Table 3).

The results of Ki-67 staining of cells from the rats treated with MMC for 14
and 28 days are also shown in Table 1 and 2. The frequency of Ki-67 positive
hepatocytes was significantly increased in the rats treated with 0.25 mg/kg/day of MMC
in the 28-day study. The frequency was lowest at the 1.0 mg/kg/day dose of MMC in the

chemical treatment groups in both the 14- and the 28-day studies.

13
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4. Discussion

The present study revealed that repeated administration of MMC induced
micronuclei in rat hepatocytes (Table 1 and 2). However, the highest and the second
highest occurrences of MNHEPs obtained in both the 14- and 28-day studies were
observed in the rats treated with 0.25 and 0.5 mg/kg/day of MMC, respectively. It has
been reported that a single ip injection of MMC (0, 1.0 and 2.0 mg/kg) induces
MNHEPs in young rats in a dose-dependent manner [9]. However, in young rats given
an ip injection of MMC (0, 0.5, 1.0 and 2.0 mg/kg) twice, the formation of MNHEPs
increased significantly, although the frequency of MNHEPs decreased at the highest
doses of MMC [11, 23].

The animals treated with MMC at 1.0 mg/kg/day exhibited an inhibition of
body weight gain and deteriorated condition. The rats treated with MMC at 0.25 and 0.5
mg/kg/day also showed an inhibition of body weight gain compared with the control
group (Fig. 1). However, obvious hepatotoxicity was not observed in the
histopathological examination in all dose groups (Table 3). These results indicate that
1.0 mg/kg/day of MMC in the 28-day study leads to a fatal condition without
hepatotoxicity.

Micronuclei are formed during cell division [5, 6]. Therefore, a micronucleus
assay using hematopoietic cells is able to distinguish newly formed erythrocytes that
completed their last division during or shortly after exposure to the test agent [3]. This
feature makes the assay sensitive and efficient for the detection of genotoxic agents.
Because hepatocytes in all cell cycle stages are scored in a liver micronucleus assay;,
only a small number of divided hepatocytes can be measured. First, | used the frequency

of M-phase HEPs as an indicator of cell division in this study and did not observe an

14
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obvious decrease in the frequency of M-phase HEPs. Narumi et al. mentioned that the
M1 should not be used as a mitotic parameter, because the M-phase is only a small
fraction of the cell cycle [14]. These researchers found BrdU incorporation in
approximately 10%, 5% and 2.5% of the hepatocytes in 6-, 8- and 11-week-old rats,
respectively. Therefore, hepatocytes undergo slow but sufficient proliferation to allow
the detection of MNHEPSs even in 6- to 10-week-old rats. Because M-phase HEPs are
thought to be an inappropriate measure for the estimation of hepatocyte proliferation, an
alternative measurement should be performed in the RDLMN assay. For this reason, |
performed Ki-67 staining of hepatocytes. Because the Ki-67 protein is expressed during
all active parts of the cell division cycle (G1, S, G2 and M phase) [26], this method is
thought to be sensitive to measure hepatocyte proliferation. And also, researchers can
use paraffin blocks for this histopathological examination.

The occurrence of Ki-67 positive hepatocytes was increased in the rats treated
with 0.25 mg/kg/day of MMC compared with the vehicle-treated controls in the 28-day
study and decreased in the rats treated with 0.5 mg/kg/day of MMC compared with the
0.25 mg/kg/day of MMC (Table 2). In the 14-day study, the occurrence of Ki-67-
positive hepatocytes was increased, but not significantly, in the 0.25 and 0.5 mg/kg/day
groups of MMC compared with vehicle treated controls and was decreased with 1.0
mg/kg/day of MMC compared with 0.25 and 0.5 mg/kg/day of MMC (Table 1). Based
on these results, the lowered induction of MNHEPs in the rats treated with 1.0
mg/kg/day of MMC might be explained by suppression of hepatocyte cell division.
While the treatment period was short, the 14-day study showed a higher frequency of

MNHEPs compared with the 28-day study. However, the reason for this was not clear.

15
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Although the highest doses examined in the present study might be too high for
a general toxicity study, I could detect micronuclei induction of MMC by repeated
dosing for 14 and 28 days even at the lowest dose examined, which was adequate for a
general toxicity study. Therefore, the RDLMN assay could be integrated into a general
toxicity study to detect liver genotoxicity of MMC.

| also showed that the frequency of MNIMESs was increased in the rats treated
with any of the tested doses of MMC for 14 and 28 days (Table 1 and 2). This result
differs from that reported in a previous study [24], which found that the ip
administration of up to 0.5 mg/kg/day of MMC for 28 days did not induce MNIMEs in
rats, although positive results were observed in mice. It is unclear why different results
were obtained.

In conclusion, these data revealed that the new RDLMN assay is useful for the
detection of MMC-induced genotoxicity in the liver. In addition, Ml is thought to be
inappropriate for detecting hepatotoxicity, and monitoring proliferating hepatocytes is
useful for evaluation of the RDLMN assay. Therefore, further analysis of proliferating
hepatocytes is needed to develop this assay into a routine genotoxicity test and to

integrate it into a general toxicity study.

16
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5. Summary

The RDLMN assay has been previously reported to be effective for the
detection of hepatocarcinogens and suitable for integrating into general toxicology
studies. A collaborative study was conducted to evaluate whether this RDLMN assay
using young adult rats without collagenase perfusion of the liver can be used to detect
genotoxic carcinogens. In this chapter, | performed the RDLMN assay in young adult
rats that received ip injections of 0.25, 0.5 and 1.0 mg/kg/day of MMC for 14 and 28
days. The micronucleus induction in the bone marrow was concurrently measured, and a
histopathological examination of the liver was conducted. The results revealed that the
frequency of MNHEPs was significantly increased in all of the treatment groups.
However, the highest occurrence of MNHEPs was observed in the low-dose treatment
group in both the 14- and the 28-day study periods. In addition, histopathological
changes indicating hepatotoxicity were not observed even in the group that received the
highest dose of MMC. There was no change in the frequency of M-phase HEPSs in any
of the treatment groups compared with facility's background data. However, the
frequency of proliferating hepatocytes, as assessed by Ki-67 positivity, was decreased at
the highest dose, as was the frequency of MNHEPSs. Therefore, the decreased induction
of MNHEPs in the high-dose groups might be explained by suppression of hepatocyte
cell division. In contrast, the frequency of MNIMEs in the bone marrow significantly
increased in a dose-dependent manner in all of the treatment groups in both study
periods. These results suggest that the novel RDLMN assay can be used to detect MMC

genotoxicity in the liver.
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6. Figures and tables
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Fig. 1. Changes in body weight of rats treated with MMC for both 14- (a) and 28- (b)
day periods. The body weight data represent the means = SD. *P < 0.05 and **P < 0.01
compared with the vehicle-treated control group; statistical significance was assessed by

Dunnett's multiple comparison test.
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Table 1. Results obtained from the liver and the bone marrow micronucleus assays of rats treated with MMC for 14 days.

Test No. of Dose Liver micronucleus assay . _ Bone marrow micronucleus assay
substances  animals  (mg/kg/day) MNHEPs (%) M-phase HEPs (%)  Ki-67 positive HEPs (%) MNIMEs (%) IMEs (%)
(meanxSD) (meanxSD) (meanxSD) (meanzSD) (meanzSD)
Saline 5 - 0.03+0.03 0.17 £ 0.08 0.13+0.07 0.23+0.04 495+ 6.6
5 0.25 0.34£0.20 ** 0.05+0.05 * 0.43+0.41 0.55+0.26 ** 388+ 4.7
MMC 5 0.5 0.28 £ 0.14 ** 0.14 £ 0.04 0.57+£0.37 0.69 £ 0.27 ** 342+ 90*
5 1.0 0.17 £0.15 ** 0.05+0.06 * 0.21+0.17 2.98 £1.32 ** 18.0 £ 10.8 **

*P < 0.05 and **P < 0.01 compared with the vehicle-treated control group; the statistical significance of the differences was assessed
by the Kastenbaum and Bowman test (MNHEPs and MNIMES) or Dunnett's multiple comparison test (M-phase HEPs, Ki-67 positive

HEPs and IMEs).
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Table 2. Results obtained from the liver and the bone marrow micronucleus assays of rats treated with MMC for 28 days.

Test No. of Dose Liver micronucleus assay . _ Bone marrow micronucleus assay
substances  animals  (mg/kg/day) MNHEPs (%) M-phase HEPs (%)  Ki-67 positive HEPs (%) MNIMEs (%) IMEs (%)
(meanxSD) (meanxSD) (meanxSD) (meanzSD) (meanzSD)
Saline 5 - 0.05+ 0.04 0.06 + 0.04 0.21 +£0.08 0.28 +0.13 42.7+54
5 0.25 0.19£0.22 ** 0.08 £ 0.06 1.93+1.01 ** 0.52 £ 0.08 ** 36.0+£6.3
MMC 5 0.5 0.14+011* 0.07 £ 0.08 0.27+£0.22 0.59 £ 0.23 ** 25.0+£7.3**
4 1.0 0.12+0.03 # 0.08 +0.08 # 0.26 £ 0.44 # 513+ 4.60 # 27.7+8.7 #

*P < 0.05 and **P < 0.01 compared with the vehicle-treated control group; the statistical significance of the differences was assessed
by the Kastenbaum and Bowman test (MNHEPs and MNIMES) or Dunnett's multiple comparison test (M-phase HEPs, Ki-67 positive
HEPs and IMEs).

#Moribund and sacrificed on day 23 (excluded from the statistical analysis because of the number of dosing was different from other

groups and the rats were a fatal condition).
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Table 3. Histopathological findings in the livers of rats treated with MMC.

Organ Test substances Saline MMC
Findings Dose (mg/kg/day) - 025 05 1.0
14-day study No. of animals examined 5 5 5 5}
Liver Grade
: L - 5 5 5 1
Hypertrophy, bile duct epithelium
YPErTophy, i Get eprneil 0 0 0 4
28-day study No. of animals examined 5 5 4
Liver Grade
: L - 5 5 5 3
Hypertrophy, bile duct epithelium
ypertrophy, bile duct epitheliu 1+ 0 0 0 !
Prominent, hepatocytic nucleolus ) > > > 3
1+ 0 0 0 1

-:none, 1+: minimal.

#Moribund and sacrificed on day 23.
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Chapter 2

Prolonged rest period enables the detection of
micronucleated hepatocytes in the liver of young
adult rats after a single dose of
diethylnitrosamine or mitomycin C
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1. Introduction

The in vivo micronucleus assay of rodent hematopoietic cells is widely used to
assess the genotoxicity of chemicals. However, this assay is less sensitive for carcinogens
requiring metabolic activation, such as hepatocarcinogens, than direct acting carcinogens
[3]. An micronucleus assay utilizing hepatocytes in the liver would therefore be a useful
method of evaluating the genotoxicity of hepatocarcinogens [4]. In addition, the
combination of results from micronucleus assays of hepatocytes and hematopoietic cells
might improve sensitivity in the evaluation of carcinogen genotoxicity. Based on this
concept, liver micronucleus assays have been developed along with liver unscheduled
DNA synthesis assays and comet assays. Given that micronuclei form during cell division
[5, 6], adult rats are considered unsuitable for the liver micronucleus assay, as hepatocytes
have low mitotic activity [7]. As intact adult rats could not be used, researchers instead
used young rats (aged 4 weeks) [8-11] or adult rats with partial hepatectomy [7, 12, 13]
for the liver micronucleus assay.

An RDLMN assay using young adult rats was recently developed [14, 15] and
evaluated in a collaborative study by the MMS group which is a subgroup of the JEMS
[16]. This study confirmed the high sensitivity of the RDLMN assay using young adult
rats to genotoxic hepatocarcinogens [16]. The accumulation of MNHEPs following
repeated dosing and the persistence of MNHEPs for a relatively long period are
considered key factors in the successful detection of MNHEPs using this method [17],
despite the low mitotic activity of young adult rat hepatocytes.

I hypothesized that not only the accumulation of MNHEPs following repeated
dosing but also an adequate period for cell proliferation of chromosomally damaged

hepatocytes were key factors in the detection of MNHEPs in an RDLMN assay using
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young adult rats. Following a single dose of a genotoxic compound and an adequate
period for cell proliferation, MNHEP induction might therefore be detected in young adult
rats. In fact, Tates et al. has shown that MNHEPs can be generated several weeks after a
single dosing of DEN in adult rats that were partially hepatectomized 3 days before
sampling [12]. To confirm this hypothesis, MNHEPs of young adult rats were measured

at 14 and 28 days after a single dose of DEN and at 30 days after a single dose of MMC.
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2. Materials and methods
2.1. Animals

Five-week-old male Crl:CD (SD) rats were purchased from Charles River
Laboratories Japan, Inc. (Yokohama, Japan). Rats were housed in an air-conditioned room
maintained at 23 = 3 °C with 55 + 15% relative humidity under a 12-h/12-h light/dark
cycle and allowed free access to a commercial pellet diet (CRF-1, Oriental Yeast Co.,
Ltd., Tokyo, Japan) and tap water. Rats were quarantined and acclimated for one week
before experiments. All animal experimental procedures were approved by the
Institutional Animal Care and Use Committee of Astellas Pharma Inc. Further, the
Kashima facility of Astellas Pharma Inc. was awarded accreditation by the AAALAC

International (Frederick, MD, USA).

2.2. Chemicals
DEN (CAS No. 55-18-5, Lot No. PEI3F, >99.0% purity) was purchased from
Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan), and MMC (CAS No. 50-07-7, Lot
No. 562AAH, 2 mg potency) from Kyowa Hakko Kirin Co., Ltd. (Tokyo, Japan). DEN
was dissolved in distilled water (Otsuka Pharmaceutical Factory, Inc., Tokushima, Japan),
and MMC was dissolved in distilled water and diluted with physiological saline (Otsuka

Pharmaceutical Factory, Inc.).

2.3. Treatment and dose levels
Five rats per group received a single dose of DEN, MMC and appropriate vehicle.
In the experiments using DEN, the rats received a single oral administration of 12.5, 50,

and 100 mg/kg of DEN (10 mL/kg of body weight). The highest dose of DEN was 100
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mg/kg, which is approximately half of LDso [27]. The lowest dose of DEN was 12.5
mg/kg, at which significant MNHEP induction in a repeated-dosing assay has been
reported [14, 17]. In the MMC experiment, rats received a single ip administration of 0.5,
1.0, and 2.0 mg/kg of MMC (5 mL/kg of body weight). The highest dose for MMC was
2.0 mg/kg, which is approximately half of LDso [28]. The lowest dose of MMC was 0.5
mg/kg, at which significant MNHEP induction in the RDLMN assay for 14 and 28 days

has been described (Chapter 1).

2.4. Liver micronucleus assay

Hepatocytes were sampled 14 and 28 days after DEN administration, and 30
days after MMC administration (Fig. 2). After fasting overnight, rats were euthanised by
exsanguination under anesthesia induced by isoflurane (Abbott Japan Co., Ltd., Tokyo,
Japan). Hepatocyte specimens were prepared as previously described [16, 17], with slight
modifications. Briefly, approximately 1.0 g of the left lateral lobe of the liver was excised
and finely sliced with a razor blade. These slices were rinsed with HBSS (Nissui
Pharmaceutical Co., Ltd., Tokyo, Japan), transferred to a 50-mL tube, and incubated with
HBSS containing 100 units/mL of collagenase (Collagenase Yakult-S; Yakult
Pharmaceutical Industry Co., Ltd., Tokyo, Japan) for 1 h at 37 °C with shaking at
approximately 50 rpm. Tubes were manually shaken for 1 min at every 30 min. The
resulting material was repeatedly pipetted, and tissue fragments were removed via
filtration through cotton gauze. Cell suspensions were collected by filtration through a 70
um-diameter cell strainer (Becton Dickinson and Company, Franklin Lakes, NJ, USA)
and then centrifuged at 500 rpm for 2 min. After the supernatant was discarded, cells were

rinsed with 10% neutral-buffered formalin (Sigma-Aldrich Co., St. Louis, MO, USA) and
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centrifuged at 500 rpm for 2 min. Supernatant was then discarded, and the hepatocyte
pellet was resuspended in 10% neutral-buffered formalin and kept at room temperature
until analysis. The hepatocyte suspension (10 uL) was mixed with an equal volume of
AO (500 pg/mL; Nacalai Tesque, Inc., Kyoto, Japan) and DAPI (10 pg/mL; Dojindo
Laboratories, Kumamoto, Japan) staining solution, dropped onto a glass slide, and
covered with a coverslip. The slide was observed using fluorescence microscopy (at 600x
magnification with UV excitation), and the number of MNHEPs per 2,000 parenchymal
hepatocytes was counted for each rat. MNHEPs were defined as hepatocytes with round
or distinct micronuclei stained the same color as the main nuclei and with diameters of
one quarter or less than that of the main nuclei [29]. The number of M-phase cells per

2,000 hepatocytes was also counted to determine the MI.

2.5. Statistical analysis
Differences in the incidence of MNHEPs between the test chemical and vehicle
control groups were analyzed using Kastenbaum-Bowman tables [25]. Other quantitative

data were analyzed using multiple comparison tests.
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3. Results
3.1. Diethylnitrosamine
Fig. 3 shows the frequency of MNHEPSs and M-phase HEPs 14 and 28 days after
a single dose of DEN. The frequencies of MNHEPs showed a statistically significant
increase in a dose-dependent manner at 14 and 28 days, with a higher frequency on day
14 than on day 28 for all dosage groups. The frequency of M-phase HEPs was unchanged

on both day 14 and 28.

3.2. Mitomycin C
Fig. 4 shows the frequency of MNHEPSs and M-phase HEPs 30 days after a single
dose of MMC. The frequency of MNHEPSs showed statistically significant increase in a

dose-dependent manner. The frequency of M-phase HEPs was unchanged.
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4. Discussion

The present study demonstrated that prolonged rest period enables the detection
of MNHEP induction in the liver of young adult rats even if a single dose of a genotoxic
chemical. Tates et al. have already reported single-dose liver micronucleus assays in rats
without hepatectomy [12, 30]. In the first of the two studies, adult rats were
intraperitoneally administered a single dose of DEN with or without partial hepatectomy;,
and hepatocytes were isolated from 3 to 60 days after treatment [12]. As the frequency of
MNHEPs without partial hepatectomy was similar to that of control groups with partial
hepatectomy, the authors concluded that the frequencies of MNHEPs without partial
hepatectomy were at control level. However, the frequencies of MNHEPs without partial
hepatectomy from 8 to 60 days after treatment were higher than those in control groups
without partial hepatectomy [12]. These authors also examined MNHEPSs with a single
dose of DMN in rats with or without hepatectomy and obtained similar results [30].
Therefore, when the frequencies of MNHEPS in groups without partial hepatectomy were
compared to those without partial hepatectomy control group, MNHEP induction could
be detected in rats treated with a single dose of both DEN and DMN in previous studies.
In addition, the induction of MNHEPs in adult rats exposed to 400-rad X-rays without
hepatectomy was observed 9 days after irradiation, but not 3 days after irradiation [31].
This result also shows that MNHEP induction cannot be detected early after an exposure
to mutagen in adult rats without partial hepatectomy treatment. The detection of MNHEPs
in young adult rats at 2 and 4 weeks after a single dose was therefore considered
reasonable.

MNHEP induction in rats at all doses of DEN was higher on day 14 than on day

28 (Fig. 3). Given that the life expectancy of normal hepatocytes is approximately 200
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days [32], MNHEPs might be selectively eliminated between 14 and 28 days after
induction. Narumi et al. also reported that hepatocytes with micronuclei disappear more
frequently than those without [17]. They administered DEN to young adult rats at single
and repeated doses for 7- and 14-day periods with a single injection of EdU at the initial
administration and reported that the frequency of EdU-labeled MNHEPs subsequently
decreased by approximately 35% of the initial frequency after 1 week [17]. Further,
findings from an in vitro live cell imaging study suggested that the rate of micronucleated
cell death was approximately 2.5 times that of cells without micronuclei [6].

The dose-dependent induction of MNHEPSs in MMC-treated rats after 30 days is
shown in Fig. 4. However, the frequency of MNHEPs was decreased at higher doses in
my previous RDLMN assay treated with 0.25, 0.5, and 1.0 mg/kg of MMC for both 2 and
4 weeks. The difference between these two results might be due to suppression of
hepatocyte cell division observed at high doses in the RDLMN assay (Chapter 1).
Repeated dosing might therefore not be appropriate for the detection of MNHEPSs induced
by compounds that might suppress hepatocyte cell division, such as MMC.

Twenty-two chemicals were recently tested in 14- or 28-day RDLMN assays,
with the induction of MNHEPSs showing good correlation with hepatocarcinogenicity [16].
The RDLMN assay might therefore be established as a regulatory genotoxicity test in
which a concurrent positive control group was required to be included. The RDLMN
assay was discussed in the liver micronucleus test working group at the 6th IWGT, and a
duration of dosing in a positive control group was listed as a future issue to address [4].
Present study shows that rats receiving a single dose of DEN sampled after both 14- and
28-day of rest period can be used as positive controls in RDLMN assays. Given that

frequent dosing of a positive control chemical such as a mutagen is a burden to both

30



Chapter 2

researchers and animals, | recommend a single oral administration of 50 mg/kg of DEN
with a 14- and 28-day rest period as a positive control in the RDLMN assay. This method
appears more suitable in terms of labor intensity and animal welfare than repeated dosing

of DEN.
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5. Summary

A repeated-dose micronucleus assay of young adult rat hepatocytes was recently
developed to evaluate the genotoxicity. In this assay, accumulation of MNHEPS induced
by repeated dosing of genotoxic chemicals is considered a key factor in the detection of
micronuclei induction. Then, I hypothesized that the period following chemical exposure
enabled the detection of MNHEP induction in young adult rats, namely that MNHEPs
could be generated from chromosomally damaged cells and accumulated following
initiation of chemical exposure until sampling. | therefore measured MNHEP induction
at 2 and 4 weeks after a single oral administration of 12.5, 50, and 100 mg/kg of DEN
and an ip administration of 0.5, 1.0, and 2.0 mg/kg of MMC to young adult rats. Results
showed a statistically significant and dose-dependent increase in the number of MNHEPS
in both DEN- and MMC-treated rats, indicating that prolonged rest period following a
single dose of a genotoxic chemical enables the detection of MNHEP induction in the
liver of young adult rats. From these results, a single oral administration of 50 mg/kg of
DEN with a 2- and 4- week rest period can be used as a positive control in RDLMN assays.
This procedure is superior in terms of labor saving and animal welfare to repeated dosing

of DEN.
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6. Figures and tables

Administration (Day 1)

. Rest period

\ J

Y
No treatment l

Sacrifice and hepatocytes collection
(Day 15,29 or 31)

Fig.2. Experimental design.

Each rat received a single dose of either vehicle, DEN or MMC. After dosing, the rats
were housed for 2 and 4 weeks (rest period). After a rest period, the rats were sacrificed

and hepatocytes were collected to measure the frequency of MNHEP induction.
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Fig. 3. Frequency of MNHEPs (bars) and M-phase HEPs (lines) in rats treated with a

single oral administration of DEN. Hepatocyte specimens were prepared after a 14-

(open column and circle) and 28-day (closed column and circle) rest period. Values are

presented as mean = SD (n=5) **P<0.01 compared with the vehicle-treated control

group. Statistical significance was assessed by the Kastenbaum and Bowman test.
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30-day rest period
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Fig. 4. Frequency of MNHEPs (bars) and M-phase HEPs (lines) in rats treated with a
single ip administration of MMC. Hepatocyte specimens were prepared after a 30-day
rest period. Values are presented as the mean + SD (n=5) *P<0.05 and **P<0.01
compared with the vehicle-treated control group. Statistical significance was assessed

by the Kastenbaum and Bowman test.
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Conclusion

The RDLMN assay was developed as a novel genotoxicity test that can detect
carcinogens requires metabolic activation and integrate into general toxicity studies. |
participated in the collaborative study for evaluating the RDLMN assay. In this study,
MMC was repeatedly administered to young adult male rats for 14 and 28 days, and the
frequencies of MNHEPs were determined. This study revealed that repeated
administration of MMC induced micronuclei in rat hepatocytes. In addition, this
collaborative study showed the high sensitivity of the RDLMN assay to
hepatocarcinogens, which were reported negative in the micronucleus assay using
hematopoietic cells [16]. This method was discussed at the 6th IWGT in reaction to this
result and the working group concluded that liver micronucleus assay including the
RDLMN assay could be used as a second in vivo test when a relevant positive result in
in vitro mammalian cell genotoxicity tests is noted, and a negative result is observed in
the in vivo micronucleus test using hematopoietic cells [4]. Therefore, the formulation of
the guideline of the RDLMN assay and further use of the RDLMN assay as a regulatory
test are expected in the future.

However, dose-dependent MNHEPSs induction was not observed in the RDLMN
assay using MMC, despite dose-dependent reduction of body weight and increase of
MNIMEs were observed. Because micronuclei are formed during cell division [5, 6], they
cannot be detected if the cell division was stopped. MMC is a well-known anticancer
agent [19] that forms interstrand DNA cross-links [20], resulting in cytotoxicity,
mutagenicity and mitotic inhibition [33]. Then | hypothesized that suppression of cell

division caused by MMC was the reason for the reduction of induced MNHEPs observed
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at higher doses. The frequency of proliferating hepatocytes, as assessed by Ki-67
positivity, was decreased at the highest dose, as was the frequency of MNHEPSs. Therefore,
the decreased induction of MNHEPs in the high-dose groups might be caused by
suppression of hepatocyte cell division caused by MMC.

It has been considered that liver micronucleus assay using adult rats cannot
detect the genotoxicity due to low mitotic activity. However, it could be detected in the
RDLMN assay that used non-hepatectomized young adult rats [14-16]. The
accumulation of MNHEPs following repeated dosing and the persistence of MNHEPs
were thought to be key factors in the successful detection of MNHEPSs using this
method [17]. However, | have hypothesized that an adequate period for cell
proliferation of chromosomally damaged hepatocytes is also a key factor in the
detection of MNHEPs in the RDLMN assay using young adult rats. In other words, |
have considered that MNHEPs induction can be detected in young adult rats following
an adequate period for cell proliferation until sampling even after only a single dose.

To confirm this hypothesis, MNHEPs of young adult rats were measured at 2
and 4 weeks after a single dose of both DEN and MMC. As a result, induction of
MNHEPs were shown in both DEN- and MMC-treated young adult rats. These results
demonstrated that a prolonged rest period enables the detection of MNHEP induction in
the liver of young adult rats even if a single dose of a genotoxic chemical. In addition, a
dose-dependent induction of MNHEPS in the rats received a single-dose of MMC was
observed, despite a dose-independent induction was confirmed in the RDLMN assay.
Therefore, repeated dosing might not be appropriate for the detection of MNHEPS
induced by compounds that suppress hepatocyte cell division, such as MMC.

If the RDLMN assay was established as a regulatory genotoxicity test, a
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concurrent positive control group was required to be included. Present study showed that
rats receiving a single dose of DEN sampled after 14- and 28- day of rest period can be
used as positive controls in the RDLMN assays. Given that frequent dosing of a positive
control chemical such as a mutagen is a burden to both researchers and animals, |
recommend a single oral administration of 50 mg/kg of DEN with a 14- and 28-day rest
period as a positive control in the RDLMN assay. This method appears more suitable for
a positive control in terms of labor intensity and animal welfare than repeated dosing of
DEN.

Although further study is needed, single-dose liver micronucleus assay with a
14-day rest period using young adult rats may also be developed as a regulatory
genotoxicity test. As this method can integrate into a single dose acute toxicity test, this
method is also reasonable in the view of cost and labor saving as well as animal welfare.
I hope the liver micronucleus assays are used as a regulatory genotoxicity test and become

an excellent assay for detecting genotoxic hepatocarcinogens.
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Summary in Japanese

KT v b & AW g MERRER I3 T B /s &
A3 DR ORI B3 2 09T

F ot B oMM A V2 in vivo B 8E/MERER I b &Y OB m M & T D
OIS VBN TWD, LvL ZORBRITITRSAWE D X 5 2 RENEML 221 T
N ANMEZE R TAEE ORI IEE LT ey, Rl MEZRRBR XA CHNE AL IR 2358 23 AU
o IALEYOEEREMEFMICENTE Y, S OIERE/MZRER & B MEERER ORE R %
MHBDED Z LIIREPNAWEORE N E LTS - Lichbd b E2bRTEE, Ll
BT ZO BT S 4, A 5y 28 MR R T -~ b O FFRI & F O TV 2
BT D2 LAY THD L EZLNTE 20, MKSZSEEREOE T v FRoEs
JFENER 2 Bl L 72 il 7 > b 2 IO T2 Pl MZGBR S BAFE S C & 72, LanL 26 0Bk
(TR DS BN & 127 D STV, AVRF RN & B L 2 PO & i L 7= B
EHWL OB EERR E L TR EHESND Z L3 Rn oz, SHIZINHIT—KE
PERBRICHIAT Z e TE T, Foa 77— L WO HiEE AW TIFMla 288 L
TW ORI EZ T 2 E N TE R o7, IO OMBEAEZETS7-Ha7
TR A B b, BT v N E W RS G MEERBR S PR S v, 2
DF LW MZREROA A2 DD 5729, MMC ARG X 5 [T M MZaBR & 3256
L7,

MMC % 14 KX 28 Hf#, 0.25,0.5,1.0 mg/kg/day @ & CTHERRENT »~ MCIER G
U, FPlgbe OVE i/ MZakiR 2 F2hi U7z, SR Bk 2 O 28 8/ %R C LT T SR AF A 72
INEDFRBBIEES NI, IR CIEBRTE IR & i U CHE 2/ MEOFRE BB S h

72 OO EKAFHEITFRD D h o7, F o HEERAFR R R B S] K R ERA 1T
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Summary in Japanese

WD LT b OO, JFRERAIRE TR 2 R T AT RIS SN e otz, 2D ORER
b MMC DORAEFE G K 0 /MEOFEFRITMIE S ehy, HEKFEER O T=0
IZ MMC |2 X 2 #fa 5y ZEMsNC IR A 8 2 O TRV DN &5 2, BT KI-67 Bk % AV 7=t
MRFREE B I ol b 24, @R CHMBEEBEEMET L W, 20D
MMC A8 # G-l MZRRBR IZ 3\ T, I/ MZ DFEFR I EARAFIEDS GRS B AL D2 T2 DI
MMC (2 X 5l OGN X5 6D Th 2 lREMENR B 2 HivTz,

R AAEN ) | TARNE 73 R EE DM 72 D T MZRRBR I I DN TnZn & B2 6 T
We s, RAEER G ZBR TR T v P2 W TW 2126 B b3/ IMZ o 2
ARETH -7z, ZHICOWTRERGIC L 0 A UI/ME 2 AT DTN O & /M a2 A
T NI DTN & & F Vel 2 2 & P AR G-I Ig MEZ BRI 3 W T IME D6 H
DHREL o e R EB X N TE e, Lo LYEARICEEZ S T 7 Mlaos a2 %
T 5 E TR N D -7z 2 & b ARGl IMEZRRBR IS 3 THIIMEZ DO F HE 3w 6E
ERoRRD 1 D ThHhdHELEZ LNz, DFVHEIEETH - THHIIESENE Z 7
b D £ TO+o 7 MM A % T 7% IR 2 B E U, T » ~ O MEOFERE D
BRHTEHDTIXRVNEEZ R T,

Z OARGRAE D 572812 DEN LN MMC Z BB 54, 2 KON 4 W OREEH
] 2 BN T2 O BTl IMERRBR 2 520 L 7=, £ OfER, DEN KT MMC & & (2 i
CHE L CHERITMEOB R P BIE SN, ZOFRNOAT v MW T HIRFEH
MzE< 2 & CHEIOEEEEDEOHGIZL VI MEOFER /B TEDL Z LB L
27 ol S DICE G IMERBR CIIH B AAER R o2y > 72 MMC 128\ T
b, HEHR G SRR 2 & < 2 & CHERFN 2/ IMEOBRIBEE Sz, 16> THlle
OB Z2 Wi T D MMC @ & 9 208 s mE e E o0 R 1SR % G- AT g MR ER
TEHT, HEEGZ IR A & Pl ZRBR O J7 0308 LTV D D2 h LI,

PR # G-I lg MZRRER N B AR TR MERBR & U CHENL S D 72 80 1T 1 B0 7 e B
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HORBENLELIR->TL 5, 4F TIEBMEREEICET 28MmIbE 0 SN TIRho
1273, ARIDOHFEORE R & DEN BB 5412 14 X T 28 A I ORZEIIH 2 B 72T
PG ZRR DGR REE L LTI TE 2 Z &AL o7, BMERTIRE L
TRBHMEYE & KERG T 25 2 LITRBREREIC L > THOERBMIC L THAM L
%7-%, 50mg/kg DM & D DEN % Hi[al$ 5. L 7o O GARSEH ) 4 8\ 7 B 2 SOE 355 )
RO GIERTREE L LTHWS Z & 2HEE L2,

SORDMMRP NI L 725 Z L TiEdH 505, HEIFRG£IZ 14 A B ORIEHIM 2 &
WA T > b 2 W B MERRER & E 7B e mtE B e LT T 52 LA ARETH
Db LIV, ZOHETEE 14 A B OREWIM 2 3% 0 2 BRI G2k kR I /A
L ENARETH LD, T A NEFHILITIFEMEAEDOEND LR TH DL EHE R
bd, £ bICE I MRS EEHEERERD 1 2L LTA Wb, BIEmMET

ENAWE DR OIZDICHE DN TNE, REREKMAEO - & D Z & 22,
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