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The Micronucleus Test 
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EXECUTIVE'SUHMAR! 

. 
The micronucleus test for the detection of mutagenicity is 

described. The potential use of the micronucleus test as a component 

of a battery of short term mutagenicity tests is discussed. A battery 

of suitable short term mtagenicity tests could be used to screen - 

environmental samples for mutagenic activity.

:
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ABSTRACT 

A short term in vitro bioassay for the detection of muta- 

genicity is described. The assay is based on the ability of utagens 

to induce micronuclei in interphase mammalian cells; induced micro- 

nuclei may be used to assess: (1) the mutagenicity of analytical 

samples, and (2) the potential of samples to induce chromosome aberra- 

tions by DNA breakage. With adaptation the micronucleus test should 

be suitable for use in the screening of environmental samples for 

mutagenicity: preferably as a component of a battery of short term _ 

tests. Some strengths and weaknesses of the micronuc1eus_test are 

discussed. >
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INTRODUCTION 

Cancer and birth defects, two of modern society's most 

serious public health problems, are promoted by the widespread conta- 

mination of the environment with carcinogenic and mutagenic chemi- 

cals(26). The impact of environmental utagens on public health can 

be lessened by reducing the public's frequency of exposure to known 

mutagens. In order to accomplish this task, the production, use, and 

disposal of mutagenic chemicals must be scientifically regulated. 

Areas of the environment that have already been contaminated with 

mutagens should also be identified and dealt with. 

The latter task is formidable: firstly, mutagens and poten- 

tial carcinogens ust be identified from among the 65,000 chemicals in 

everyday use, and then their distribution in the environment should be 

determined. Expense and time factors render it unrealistic to use 

conventional mammalian tests to assess the carcinogenicity of each of 

the aforementioned chemicals. For this reason, several short term 

tests have been developed for the purpose of screening suspect chemi- 

cals_for mutagenic activity: according to the mutagen-DNA model for 

carcinogenisis, if a‘chemical is carcinogenic it should also be capa- 

ble of inducing mutations in test cells; when properly selected such 

mutations are easier to detect than cancer which can take up to 20 

years to develop. Also, by using test cell systems, much larger popu- 

lations can be screened than is possible using conventional tests.
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The most popular of the short term tests is the Ames' test in which 

reverse mutations in the bacterium Salmonella typhimurium are used to 

detect nutagenicity in test chemicals: 90% of the carcinogens tested 

have yielded positive results in the Ames' test — an impressive V 

correlation by any standards. However, Heddle and Bruce reported only 

a 64% success rate for the Ames' test when they screened a panel of 61 

agents for mutagenic activity(6). 

With so many mutagenic chemicals in everyday use, it is 

highly probable that many find their way into the aquatic environment; 

in fact, several mutagenic chemicals have been identified in natural 

freshwater systems(13). Monitoring effluents and receiving waters for 

the presence of individual mutagnic chemicals would be prohibitively 

expensive and time consuming. ‘It should be possible, however, to 

adapt short term mutagenicity screening tests for the detection of 

mutagenic activity in effluent, water and sediment samples; positive 

samples could be further examined using analytical chemical techniques 

and where necessary, mammalian carcinogenicity tests. The Ames' test 

has already been used for this purpose in the Microbiology Labs at 

NWRI. 
'

- 

The Ames' test has associated limitations: it can, for 

instance, only detect those utagens that cause specific point uta- 

tions in the Salmonella test strain. Substances that induce genetic 

alterations by other mechanisms, such as DNA breakage, may escape
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detection. For this reason other short term tests could provide use- 

ful complementary information if used in conjunction with the Ames' 

test in a battery of short term mutagenicity tests. The sister 

chromatid exchange (SCE) test, which quantifies the formation of 

apparently reciprocal exchanges between homologus sections of sister 

chromatids, is one such test(12). Many mutagens cause SCEs in 

mammalian cells(14). -

T 

In the SCE test mamalian cells are exposed to the base 

analogue 5-bromodeoxyuridine BRdU during two consecutive cell replica- 

tions; the BRdU is differentially incorporated into the daughter 

chromosomes. The chromatid with BRdU substituted in both DNA strands 

is less condensed and stains weaker than the chromatid with the single 

substituted strand(15)Z After appropriate staining the sister chroma- 

tids are distinguished by their differential fluorescence or stain- 

ing(15) and SCEs can be readily identified(16). The SCE test is 

particularly useful because a major portion of the genetic damage 

caused to mammalian cells by mutagens takes the form of chromosomal 

changes. 

Notwithstanding the several advantages that the SCE test has 

over conventional metaphase analysis tests, it also has some shortcom- 

ings(12). .Although many utagens cause SCEs in mammalian cells, the 

molecular mechanism of SCE formation is not yet fully understood(17). 

In addition, SCEs are not known to have any genetic consequences(7),



0 
and because SCEs are not mutations, they provide only indirect evi- 

dence of mutagenic activity. Further documented weaknesses of the SCE 

test have been considered by Raj and Heddle(7) and may be sumed up in 

the observation that SCEs and chromosome aberrations arise by diffe- 

rent mechanisms. Thus SCEs may be produced in the absence of chromos 

some aberrations; it has been established that aberrations can be 

produced without SCEs.
i 

_ 

Exploring the effect of Tremimon on Chinese hamster bone 

marrow cells, Boeller and Schmid(22) observed a number of well defined 

nucelar anomalies whose incidence was found to be dependent on dose 

and time after treatment. It was concluded that the hematological 

study of bone marrow was suitable as a relatively simple screening 

method in mutagenicity testing and the procedure was termed "The 

Micronucleus Test". 

In recent years the micronucleus test has gained acceptance 

as a rapid and economical test that has several advantages over second 

metaphase analysis tests. Micronuclei arise from chromosome fragments 

that lack centromeres and do not segregate with the normal chromsome 

complement at anaphase; they persist in the cell cytoplasm and may be 

scored at interphase(1). Micronuclei are easy to detect(1), since 

they are similar to the parent nuclei in all respects except that they 

are much smaller(3). '
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Micronuclei are particularly useful in the detection of 

mutagens that act through chromosomal breakage mechansims because they 

are themselves a consequence of chromsomal breakage and arise directly 

from the acentric fragments associated with many chromosomal 

aberrations(18). So far, all agents capable of inducing hereditable‘ 

aberrations have been found to produce micronuc1ei(7). This is an 

important point because many utagens are known to exercise their 

genetic effects through hereditable aberrations. Carcinogens, 

however, are only moderately effective at inducing micronucleus 

formation when current test protocols are used(19):‘=an observation 

that may be largely a reflection of the lack of sensitivity of the 

micronucelus test in its current state of development. Future 

sensitivity improvements may lead to the detection of many carcinogens 

that previously gave negative results. 

‘ 

, 
The following are among the advantages that the micronucleus 

test has over tests based on the analysis of second metaphase chromo- 

somes: (a) slide preparations can be made simply and rapidly(1); (b) 

because micronuclei are easy to detect; scoring is rapid(1,2l); 

(c) most of the cells in a slide preparation are in interphase, which 

is the stage of the mitotic cycle that micronuclei are recorded in - 

consequently scorable cells are usually abundant(1,21); (d) scoring of 

micronuclei is an order of magnitude faster than aberration scoring in 

conventional metaphase analysis tests(1); (e) micronuclei accumulate 

in the cell population, and usually persist for a considerable
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period(3,21); (f) the micronucleus test is independent of the cell 

karyotype: the response of different mammalian species to a test 

chemical can be readily compared(11, 23); (g) the choice of utagen 

dose is not critial for easy scoring, whereas too high a dose makes 

metaphase scoring very difficult(1); (h) a single sample will suffices 

to detect chromosome breakage in any stage of the mitotic cycle, 

whereas for conventional chromosome analysis each stage must be 

independently tested(l,21); (i) it is not necessary to conduct trial 

experiments to determine a suitable sampling time for metaphase 

analysis(1). 
‘ ‘ ' 1“ '

‘ 

The foregoing advantages are offset to some extent by 

several shortcomings: (a) the micronucleus test, as presently constir 

tuted, is not very sensitive(1) - the screening of large numbers of 

cells should help to improve the test's sensitivity; (b) the frequency 

of occurrence of micronuclei at low mutagen doses is often similar to 

control levels with the result that statistically significant results 

become difficult to obtain(1) - SCEs, on the other hand, are suffici- 

ently common at low tagen doses to give considerable statistical 

accuracy(7); (c) micronucleus induction may not necessarily be a 

direct result of treatment induced genetic damage but ay arise from a 

physiological response of the cell to a toxicant, rather than from 

direct interaction of the mutagen with the genetic material(3,20); (d) 

the micronucleus test provides limited information: it does not, for 

instance, indicate the nature of the genetic aberration leading to
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micronucleus formation(3); (e) false negative results may arise from 

the inhibition of mitosis and not from a failure to increase aberrar 

tion frequencies(7); (f) mutagens that cause genetic defects without 

chromosomal breakage are probable not readily detectable in the micro- 

nucleus test. ' ”"' ' 

Originally developed as an in vivo technique(1,22,23, 25), 

the micronucleus test has been adapted and used for the in vitro 

detection of mutagens(7).. The latter version of the micronucleus test 

is probably most suited to laboratories that are primarily engaged in 

the analysis of environmentaltsamples using other short term in vitro 

assay systems; particularly if they are without animal room facili- 

ties. The in vitro version of the micronucleus test, as described in 

this report, should be readily adaptable for the detection of mutagens 

in environmental samples. If used in a joint test protocol with the 

previously described SCE test(12), an option described in this report, 

false negative results arising from the inhibition of mitosis will be 

readily apparent as the absence of light/dark stained "harlequin" 

chromosomes, which require 2 cell divisions to form. Other, suitably 

chosen, components of a battery test system such as the Salmonella 

test or the yeast test systems, may be used to detect mutagens that 

cause genetic defectsawithout associated gross chromosomal damage. 

Experimental investigation will be required to establish the optimum 

regime for the exposure of test cells to the sample matrix. As with 

other short term mutagenicity assays, considerable consideration must
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be given to the selection of a suitable sample preparation protocol so 

that the low mutagen levels associated with environmental water and 

sediment samples can be tested at detectable concentrations. 

HICRONUCLEUS TEST DESCRIPTION , 

1. Cell Cultures 

_

I 

Chinese hamster ovary cells (CHO) are suitable for general 

screening purposes(29). On receipt, the cell cultures are incubated 

overnight at 37°C and are then subcultured and reincubated at the same 

temperature. The cells are cultured in Minimal Essential Medium 

containing Earl Salts solution (MEM+;12) with foetal calf serum 

(12.5%), L-glutamine (20 uM), sodium bicarbonate (0.3%), 0.1 g 

streptomycin, and penicillin (9.9x10“ units) per litre. Fifteen mL 

portions of MEM+ in radiation sterilized tissues culture flasks 

(250 mL; surface treated) are inoculated and incubated in a humidified 

(1002 relative humidity) incubator at 37°C. The incubator atmosphere 

is maintained at 5% C02: the CO2 interacts with the bicarbonate in 

the growth medium to provide buffering capacity. 

2. Subculturing, stock culture preparation and viable cell 

determination procedures have been previously described(12), 

3. 
0 

Hicronucleus Test Procedure
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- In the following procedure, steps prefixed "option" are to 

be executed only if a joint SCE/micronucleus test is being undertaken. 

(1) 

(ii) 

(iii) 

(iv) 

(V) 

(vi) 

(vii) 

Prepare a confluent culture of CHO cells. 

Trypsinise the cells (as previously described). 

Add 5»mL of MEM+ to the flask and suspend the 

cells. Remove the cell suspension and put it in a 

sterile, capped polystyrene tube. .-_ r 

Use a hemacytometer and a phase contrast micro+ 

scope to determine the number of cells in the cell 

-suspension. 

Add 5 mL of MEM+ to the required number [blank - 

(X3), control (X3), analytical (X3)] of surface 

treated tissue culture dishes (100 mm x 20 mm; 

55 cm2 growth surface). h 

Add 105 CHO cells to each dish. 

Incubate the inoculated cultures at 37°C for 

24 hours. The cells should be in the exponential 

phase of growth by this time.
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4.1 - §§pgsure Procedure 

(i) Aspirate the exhausted growth medium from the 

culture dishes. 
l 

" - 

(ii) Dissolve the test chemical in 0.2 mL DMSO and then 

dilute to the required concentration with MM+ 
containing no serum. 

(iii) Add 5 mL portions of the test solution (ii) to 3 

of the prepared cultureedishes.v; 

(iv) Prepare distilled water blanks and standards 

(methyl nitrosoguanidine) in the same way. 

(v) Incubate the test culture dishes at 37°C in air 

tight plastic box. 

4.2 Exposure Ibrmination Procedure 

The cell treatments are terminated after 30 minutes, or an 

alternative exposure=period (e.g., 26 h, 7), using the following 

procedure:
'
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(~11) 

Option (111) 

Option (iv) 

Option (v) 

/- 
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Remove the treatment solutions from the culture 

dishes. 

Wash the treated cells in HSS (10 mL per dish). 

Add 10 mL of MEM+ containing 5—bromo-2'—deoxyuri= 

dine (BRdU) at a final concentration of 10 pM to 

;each dish. This step is carried out under GE Gold 

Lamps in order to minimize photolysis of the BRdU 

which could cause increased levels of background 

SCEs.‘ " 

Wrap the dishes in aluminum foil and incubate them 

at 37°C for 28 to 40 hours by which time seccnd 

metaphase cells should have formedq 

Two hours before harvesting the cells add 0.l mL 

of 2x10'“ M colchecine prepared in 0.852 saline to 

each culture. Colchecine inhibits spindle forma- 

tion and causes an accumulation of metaphase 

cells. 

Cell Harvesting 

(1) Aspirate the exhausted growth medium from the 
culture dishes.
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(111) 

(iv) 

- (v) 

(vi) 

(vii) 

(viii) 

-12- 

Rembve the residual serum from the post treatment 

cells by washing with 5 mL portions of HBSS. 

Trypsinise-the cells(12). 

Terminate enzyme activity by the addition of 4 mL 

portions of MEM+ to each dish. 

Thoroughly suspend the CHO cells in the MEM+ and 

then transfer the cell suspension to sterile, 

graduated, conical bottom centrifuge tubes (15 mL 

capacity).A r 

Rinse each tube with MEM+ and transfer the rins- 

ings to the appropriate centrifuge tube. 

Cell clumps must now be broken up by rapidly and 

repeatedly flushing the cell suspensions with a 

pasteur pipette (approximately 20 cycles). 

Centrifuge the cell suspensions at 1000 RPM for 

5 minutes. A



(ix) 

(x) 

(xi) 

(xii) 

(xiii) 

(xiv) 
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Aspirate each supernatant until the meniscus 

reaches the 0.1 mL graduation; resuspend the cells 

by vortex mixing, and then add 5 mL of hypotonic 

solution(12) to each tube» 

Incubate the cells in the hypotonic solution for 

12 minutes at room temperature;_then, while mix- 

ing, add 3 to 5 drops of fixative solution(12) to 

each tube; thoroughly vortex mix the tube 

contents.’ ‘ -s“ 1 l*_ 0- > “ 

Centrifuge the cell suspensions at 1,000 rpm for 

7 minutes. ' 

Aspirate each supernatant to the 0.1 mL gradua- 

tion; resuspend the cells by vortex mixing; add 4 

mL of fixative solution to each tube while vortex
I 

mising the tube contents. 

Centrifuge the cell suspensions at 1,000 rpm for 

7 mnutes.
0 

Aspirate.each supernatant to the-0.1 mL gradua- _ 

tion; while vortex mixing the tube contents, add 4 

mL of cold fixative (previously cooled in an ice



Slide Prep 

(1) 

(11) 

(111) 

(iv) 

(v) 

'(v1) 

Q 14 — 

water bath); cap the tubes and store them over- 

night at 5°C.

1 arat on 

During the slide preparation procedure all cell 

suspensions should be stored on crushed ice. 

Centrifuge the cell suspensions at 1000 rpm for 

7 minutes, e 
~ 

- _= :~ . 

Aspirate each supernatant, allowing 0.1 to 1.0 mL 

of cold fixative to remain in each tube. 

Resuspend the cells by vortex mixing and then 

store the cell suspensions on crushed ice. 

Use a pencil to label 5 glass microscope slides 

per treatment tube. A 

a. Rinse a pasteur pipette with cold fixative 

solution. - 

b. Dip a glass slide in double distilled water, 

shake off any excess water.



Option (vii) 

This 

shortcomings: 

(a) 

(b) 

c. Using the pre-rinsed pasteur pipette, allow 3 

drops of cell suspension to fall from a height 

of 40 to 100 cm onto the glass slide. Five 

slide preparations should be made for each 

cell suspension. 
l

' 

<1-_ Stand the slides at an acute angle and allow 

to dry overnight at room temperature. 

Using a phase contrast microscope. examine the air 

dried slide preparations for the presence of meta- 

phase cells. ’ 

preliminary examination may reveal some technique 

The chromosomes are too tightly clumpedi this condi- 

tion suggests that the hypotonic treatment was too 

brief; correct by prolonging the incubation of cells in 

hypotonic solution. " 

The chromosomes are floating independently on the slide 

surface: this condition suggests that the hypotonic 

treatment was too severe; correct by curtailing the 

incubation of cells in hypotonic solution.
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(c) Many cells are overlapping; correct by increasing the 

cell suspension dropping height (step vi.c). 

Staining Procedure 

Option (i) 

Option (ii) 

Option (iii) 

Option (iv) 

Option (v) 

Option (iv) 

Prepare a stock solution (500 pg/mL) of Hoechst 

stain in double distilled water (Hoechst 33258, 

Aldrich; Bisbenzimid H33258, Hoechst Pharamaceuti— 

cal, Montreal, P.Q.). 

Prepare a 10 pg/mL dilution of Hoechst in a plas- 

tic trough. 
' 

i 
l All 

Place the slides in a stainless steel slide 

carrier. 

Rinse the slides in distilled water (20 agita- 

tions) and then stand the slide carrier on a paper 

towel for 5 to 1O minutes. 

Imerse the slides in the Hoechst staining solu— 

tion; stain for 20 minutes. - 

Rinse the stained slide preparations by imersion 

in tap water. - 

» . _,>_. _. _ _,



Option (vii) 

Option (viii) 

Option (ix) 

Option (x) 

Option (xi) 

Option (xii) 

Option (xiii) 

-17.5 

Repeat the rinsing procedure (vi) using distilled 

water. 

Allow the slides to dry at room temperature. - 

Add 3 drops of Sorensen's buffer pH 8.0 

(Appendix 5) to each slide. 

Cover each cell preparation with a coverslip; use 

a syringe to apply a seal of liquid rubber 

(Carter's Rubber Cement) around the edges of each 

coverslip to prevent evaporation. 

Place the slides 15 cm under a bank of cool, white 

fluorescent light tubes; expose for 18 to 20 

hours. . 

Remove the rubber cement and coverslip from the 

slides.
O 

Place the slides in the slide carrier, rinse them 

in distilled water, and then allow them to dry at 

room temperature.



(xiv) 

(xv) 

(xvii) 

(xvii) 

(xviii) 

Slide Ex ami’ 

18 

Prepare a 4% solution of Giemsa stain in 0.01M 

Sorensen's buffer, pH 6.8; remove the scum from 

the surface of the stain using a paper tissue. 

Immerse the-slides in the Giemsa stain for 

8 m1nut&S 0 . 

Rinse the stained slide preparations in tap water 

Repeat the rinsing procedure using distilled 

water. 

Allow the slides to dry at room temperature 

(1) 

Option (ii) 

(iii) 

nation 

Place 2 drops of DPX mounting medium on each 

slide. 

Examine 50 metaphase cells from each slide for 

SCEs. The criteria for scoring SCE have been 

previously described(12). 

Examine at least 1,000 cells per slide for 

micronuclei (400K).
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(iv) 
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I 

The criteria for scoring micronuclei have been 

described by Countrman and Heddle(24), and may be 

sumarized as follows: '

- 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

It will be observed that the Giemsa stain 

stains nuclear material darker than cytoplas- 

mic material. Micronuclei will be observed 

adjacent to normal nuclei. 

Micronuclei should‘be less than 1/3 the 

diameter of the mainanucleus. A 

Micronuclei should not refract light - to 

exclude small stain particles. 

Micronuclei should be the same colour or 

lighter than the main nucleus - to exclude 

large stain particles. 

Micronuclei should be located within 3 or 4 

nuclear diameters of a.nucleus and should not 

touch the main nucleus. 

No more than two micronuclei should be asso- 

ciated with each nucelus.
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