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THE INDUCTION OF MICRONUCLEI IN X-IRRADIATED BEAGLE DOG LYMPHOCYTES

Abstract - We developed a simple, sensitive, and re-

producible method using the micronucleus assay in dog PRINCIPAL INVOSTIGATORS

blood lymphocytes for detecting genotoxic effects of K. Rithidech

ionizing radiation. Micronuclei (mm) are expressed D. ozano

in cpZls that have undergone I cell division. Thus, A. L. Brooks

it was important to determine the optimum cultiire

condition and sampling time to obtain a maximum number of such cells. To identify cells that have

divided, cytochalasin B was added to block cytokinesis. Cells were harvested at 72, 76, or 94 h

after incubation with different concentrations of phytohaemagglutinin (PHA) 1 or 16. After

optimizing the culture time and PHA concentration, the system was calibrated by evaluating the

dose responso- for the induction of MM by X rays. Blood samples were drawn, X-irradiated (0.0,

0.5, 1.0, 20, or 40 Gy), grown in optimum culture medium, harvested at 94 h after incubation,

and the frequency of MN analyzed in binucleared cells. The dose-response relationship was fit by

a qadratic model; micronucleilbinucleated cell = 0017 0.046D + 0.0093D2, where D = dose. The

tW assay in dog blood lymphocytes provides a sensitive and reliable technique for measuring

genotoxic damage in a large animal model. The IGV assay will be very useful for evaluating

genotoxic effects of hazardous agents after both chronic and acute exposures and for estimating

radiation dose.

Measurement of chromosome aberrations in metaphase cells has been well accepted for detection

of clastogenic, mutagenic and carcinogenic effects of toxic environmental agents. However, the

assay for detecting chromosome aberrations is expensive and laborious, especially in animals with

a high chromosome number (e.g., dog; 2 = 78). In contrast, the micronucleus assay is being used

as an alternative assay because of its simplicity, the speed of scoring, and the low cost. The

induction of micronuclei (MN) in human peripheral blood lymphocytes is widely used as a

quantitative indicator of X-ray-induced chromosome aberrations.] MN are formed from chromosome

f ragments or whole chromosomes that are not incorporated into the main nuclei at mitosis, and

appear in cells that have undergone nuclear division. Therefore, MN are present and scored only

in cells that have undergone cell division after exposure. The cytokinesis blocked method, using

cytochalasin B, has been introduced to identify cells that have made one cell division since

exposure.2 This procedure ensures that MN are scored only in binucleated cells. The purpose of

this study was to develop a useful short-term test by adapting the micronucleus assay for use in

dog peripheral blood lymphocytes. To do this, it was necessary to optimize the culture conditions

for cell proliferation as expressed by the presence of binucleated lymphocytes. This was done by

evaluating the influence of type and concentration of PHA and harvest time on the frequency of

binucleated cells. It was also necessary to determine the dose-response relationship for the

induction of micronuclei in binucleated cells after in vitro X-irradiation of dog blood.

METHODS

Determination of Optimum Conditions for Lymphocyte Cultures

Blood samples (5 mL) from a healthy male Beagle dog from the ITRI colony were drawn into

vacutainer tubes containing sodium heparin. Approximately 0.5 mL of whole blood was added to 
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mL of RPMI 1640 medium, containing 19% heat-inactivated fetal bovine serum, 08% L-glutdmine 200

mM), 0.8% penicillin and streptomycin (10,000 units/mL), and 0.8% sodium heparin (1,000

units/mL). Lymphocytes were stimulated to divide by addition of either 20 jig PHA 15/mL or 0.8 )jg

PHA I 6/mL (PHA 16 is more purified than PHA 15). After studying the effects of PHA type, a

concentration response relationship was tested for PHA 16 (0.8, 1.0, or 20 vg/mL) . Cell cultures

were incubated in a humidified atmosphere containing 5% C02. Forty-four hours after incubation,

cytochalasin was added to each culture in a final concentration of 3 g/mL. The cells were

harvested at 72, 76, and 94 h after incubation and were cytocentrifuged onto slides. Slides were

stained with Diff Quick stain and coded prior to analysis. One hundred lymphocytes per treatment

were examined to determine the percentage of binucleated cells.

Evaluation of Dose-Response Relationship

After the optimum conditions for lymphocyte cultures were determined, blood samples were

collected to establish the dose-effect relationship for the induction of micronuclei by X rays.

Five milliliter blood samples were drawn into vacutainer tubes containing sodium heparin and

each was exposed to 0.0, 0.5, 1.0 20 or 40 Gy of X rays delivered at a dose rate of 026 Gy/min

from a Pickard Vanguard Console Therapy Unit. Whole-blood cultures were prepared using te

optimum conditions determined previously (see above). Addition of cytochalasin B 3 g/mL) and

cell harvests took place at 44 and 94 h after incubation, respectively. This experiment was done

in duplicate, and the frequency of micronuclei in 100 binucleated lymphocytes per X-ray dose was

scored on coded slides.

RESULTS

Determination of Optimum Conditions for Lymphocyte Cultures

At three different harvest times, 0.8 jig PHA 16/mL produced a higher number of binucleated

cells than did 20 g PHA 15/mL (Table 1), with the maximum number obtained at a 94 h incubation.

Table 2 shows results of studies to determine the role of PHA 16 concentration on te production

of binucleated cells at 72 and 94 h after incubation. Results from these studies indicate that

the optimum culture conditions were 0.8 pg PHA 16/mL in cells that were incubated for 9 h.

Table I

Effects of PHA 15, PHA 16, and Harvest Time

on the Frequency of Binucleated Lymphocytes

Number of

Binucleated Lymphocytes a

Harvest Time PHA 15 PHA 16

(hours) (20 pg/mL) (0.8 p/mL)

72 10 28

76 6 12

94 6 32

aTotal numbers of binucleated lymphocytes out of 100
lymphocytes observed.
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Table 2

Effects of PHA 16 Concentration on the Frequency of

Binucleated Lymphocytes at 72 and 94 h After Incubation

PHA 16 Concentration Harvest Time

(pq/mL) 72h 94 h

0.8 18a 31

1.0 11 22

2.0 7 13

aValues given are numbers of binucleated
lymphocytes out of 100 lymphocytes observed.

Evaluation of Dose-Response Relationship

Iwo dose-response experiments were conducted. Dose-related increases in the frequency of

micronuclei were observed in both experiments (Fig. 1). Because these two experiments produced

similar responses, the data were pooled and the dose-response curves were constructed with either

a I inear or a quadratic model (Fig. 2). lhe linear model was Y -0.001 + 0.008D, but

dose-response data were best described by a quadratic equation: Y = 0017 + 0.046D + 0.0093D2,

where Y MN/cell and D Dose in Gray.
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Figure 1. 1he yields of micronuclei induced Figure 2 Dose-response relationship of te
by X rays from two experiments. lhe bars frequency of micronuclei induced by X rays in
indicate standard error of the mean. binucleated dog lymphocytes (pooled data).

DISCUSSION

We developed the MN assay in blood lymphocytes of Beagle dogs. lhe assay is simple,

sensitive, and reproducible for the detection of genotoxic effects of ionizing radiation.

Lymphocytes are nondividing (GO) cells. However, they can be stimulated to divide by mitogens

such as PHA. In general, PHA 15 is the form of PHA used in the human lymphocyte culture system.

Our results showed that stimulation of dog lymphocytes requires a more purified PHA (PHA 16) as

well as a longer incubation time.
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I t i s important to analyze cells that have undergone I cell division after exposure to

accurately evaluate potential chromosomal damage by toxic agents. Cytochalasin is used in the

MN assay to ensure that only those cells are scored. The use of cytochalasin B to block

cytokinesis in the MN assay is analogous to the use of colchicine or colcimid to accumulate cells

in metaphase for chromosomal analysis. The concentration of cytochalasin used in this study

does not induce MN, as indicated by the low spontaneous rate of MN formation in both experiments.

Furthermore, this concentration of cytochalasin B has been demonstrated to not produce any

increase in the level of MN in humans.1,3

The detection of a dose-dependent increase in the frequency of MN in X-irradiated dog blood

lymphocytes suggests that the MN assay is a sensitive method for detecting potential genotoxic

effects of ionizing radiation, just as has been shown for humans.1-3 The frequency of MN can be

used as a biological dosimeter of exposure. The similarity of responses from two experiments

demonstrates that the MN assay is reproducible. The shape of the dose-response curve from our

study is consistent with that obtained from human data. The results from all human studies in

which the MN assay was used to measure chromosomal damage indicate that the dose response of the

induction of MN is best fit by a quadratic model.1-3 The similarity in the shape of the

dose-response curves suggests that the MN assay in dog blood lymphocytes is reliable. Using the

dog as an animal model allows one to conduct multiple measurements of induced damage from the same

animal over a period of time. We have applied this assay to studies of the influence of plutonium

exposure and lung cancer on the frequency of X-ray-induced MN in dog blood lymphocytes (this

report, pp. 230-233). This assay will also be useful for studying chromosomal damage during tumor

progression in the dog model.
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