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CYTOGENETIC STUPES OF BONE MARROW 
CELLS FROM RATS EXPOSED TO VINYL CHLORIDE

R- V. Johnston, D.V.M., D. J. Mensik, B.S.,
M. N. Pinkerton, B.S., E. B. Whorton, Jr., Ph.D.

The Biomedical and Comparative Toxicology Research Laboratory 

of the Texas Division of Dow Chemical U.S.A. was asked by the 

Manufacturing Chemists Association to conduct cytogenetic studies 

on some of the rats which had been exposed to vinyl chloride at 

Industrial BIO-TEST Laboratories, Decatur, Illinois. The details 

of the exposure levels and pathological findings will be reported 

separately. Preliminary reports have appeared in Chemical Week 

(115:30, July 17, 1974) and in the Annals of the New York Academy 

of Sciences, Volume.246, page 219.

MATERIALS AND METHODS

Animals; The test animals were 20 male and 20 female Charles 

River CD outbred albino rats which were selected at random from 

larger groups of 100 each which are being used for carcinogenesis 

testing. At the time of harvest, the females weighed from 290 to 

512 grams, and the males from 605 to 915 grams. The details are 

shown in Table 1.

Exposure: At the time of harvest, the rats"had been exposed in

chambers to vinyl chloride gas for 7 hours per day for 5 days per

week for one year as follows:

Group Exposure Level No. Males No. Females

C None 5 5

Ti 50 ppm 5 5

t2 200 ppm 5 5

T3 2500 ppm 5 5

DTH 000011827
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Bone Marrow Collection Techniques;

On September 5, 1975, approximately 12 hours following the 

last exposure and beginning approximately 3 hours prior to harvest, 

the rats were injected intraperitoneally with 1 mg/kg of col­

chicine (CalBiochem, Brookhollcw Station, Dallas, Texas 75247) 

using Hanks solution containing 1 mg/ml as shown in Table 1. 

Immediately prior to harvest, the rats were anesthetized in a car­

bon dioxide chamber and exsanguination was begun by severing the 

brachial artery. To obtain the bone marrow before it coagulated, 

the harvest was begun while the hemorrhage was in progress. The 

skin and muscles were removed from the right femur, and it was 

severed with a bone cutter. The bone marrow was aspirated into 

6 ml of Hanks Media (Grand Island Biological Co., 3175 Staley Rd., 

Grand Island, New York 14072). The same technique was immediately 

followed on the left femur.

Necropsy, gross pathology and collection of tissues for histo- 

pathology were performed by personnel of Industrial BIO-TEST 

Laboratories and will be reported separately.

Cytogenetic Techniques:

The bone marrow cells were processed at Industrial BIO-TEST 

Laboratories with hypotonic solution and fixative as outlined in 

Table 2. The fixed cell suspension was returned to the Texas 

Laboratories for slide preparation and evaluation. Ten slides 

were prepared from each animal (5 from each femur).

The scoring of the slides for aberrations was done by three 

experienced scorers (#03 of our laboratory and #25 and #26 under

togenetic Studies of Bone arrow Cells
rrom Rats Exposed to Vinyl Cnloride
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contract at the Stanford Research Institute, Menlo Park, California) 

The techniques used are similar to those described in "Methods 

for the Analysis of Human Chromosome Aberrations" published by 

the World Health Organization, Geneva, 1973. The slides were 

coded so that the identity of the animal was unknown to the 

scorer. Ten metaphase spreads on each of 5 slides per animal 

were scored by scorer #03, whereas the other scorers each used 

a single slide to score 50 metaphase spreads. Only diploid or 

2N-1 cells were scored.

Statistical Findings:

Since there were no multiple aberrations, miscellaneous 

aberrations, or chromosome aberrations, no analysis was necessary. 

Also since chromatid aberration rates were very nearly an image of 

the abnormal cell rates, the following analyses were done only for 

abnormal cells.

The analysis variable considered was X=—1. a,b-PeJ-ls
number of cells scored -

on a per animal basis. Since the variable X is a proportion with 

an observed range of only .10, no transformation was used for 

analyses. Uniformly there were 50 cells scored for each animal 

by each of three scorers, or a total of 150 cells scored for each 

animal. There were 5 animals per Dose-Sex combination.

The data were summarized as shown in Table 5, and the summary 

of the analysis of variance is shown in Table 6.

Statistical Conclusions:

At the 5% level of significance, there are indeed no signi­

ficant differences between sexes, among scorers, or among doses. 

There is some evidence (at the p = .09 significance level) that

/*• cogenetic Studies of Bone ’arrow Cells page 3
_-.om Rats Exposed to Vinyl \,uloride
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sexes may be different. The overall rate for males was .013, 

while the female rate was .018. At the p * .12 level of 

significance there was slight evidence that dose effects are 

sex dependent. It should be noted that both these implications 

could be due only to chance and "appear” largely because of the 

results for Dose (T3) females where the rate was .028.

/togenetic Studies of Bom larrow Cells page 4
from Rats Exposed to Vinyl Chloride

SUMMARY

Studies by the Biomedical and Comparative Toxicology Research 

Laboratory of The Dow Chemical Company, Freeport, Texas, show 

that there was no significant increase in the chromosomal aberra­

tion rates of bone marrow cells of rats exposed to varying doses 

of vinyl chloride for one year at Industrial BIO-TEST Laboratories, 

Decatur, Illinois.

/mhi
6-9-75

T
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IN VIVO COLCHICINE FOR RAT BONE MARROW CYTOGENETICS IN 
ONE-YEAR VINYL CHLORIDE INHALATION STUDY

Decatur Research Laboratories 
Industrial BIO-TEST Laboratories, Inc.

Decatur, Illinois
Sponsored by Manufacturing Chemists Association

Animal 
Wt.gms Sex

BIO-TEST Biomed Colchicine
Harvest

Time Code
Animal

No.
Treatment

Group
Culture

No.
DoseJ
ml/kg Time

735 M 54 C vou^ia2 .74 6:15AM 9:15AM 42
380 F 178 C VC#2, 2A .38 f« 9:25AM 47
663 M 299 T1 VC#3, 3A .66 II 9:40AM 52
329 F 349 Tl VC#4, 4A .33 II 9:45AM 58
718 M 404 T2 VC#5, 5A .72 n 10:05AM 66
402 F 594 T2 VC#6, 6A .40 M 10:08AM 61
664 M 663 T3 VC#7, 7A .66 ft 10:23AM 69
381 F 742 T3 VC#8, 8A .38 II 10:26AM 54

769 M 69 C VC#9, 9A .77 7:45AM 10:45AM 49
354 F 106 C VC#10,10A .35 II 10:50AM 71
720 M 256 Tl VC#11,11A .72 If 11:02AM 73
356 F 381 Tl VC#12,12A .36 If 11:08AM 60
801 M 433 T2 VC#13,13A .80 tl 11:23AM 76
457 F 524 T2 VC#14,14A .46 M 11:25AM 44
659 M 668 T3 VC#15,15A .66 (1 11:35AM 80

. 327 F 735 T3 VD#16,16A .33 (1 11:39AM 62

915 M 84 C VC#17,17A .90 10:00AM 1:05PM 79
354 F 149 C VC#18,18A .35 ft 1:08PM 53
618 M 205 Tl VC#19,19A .62 II 1:10PM 74
366 F 397 Tl VC#20,20A .37 It 1:15PM 56
736 M 459 T2 VC#21,21A .74 It 1:30PM 78
341 F 550 T2 VC#22,22A .34 It 1:35PM 64
624 M 694 T3 VC#23,23A .62 11 1:45PM 45
507 F 732 T3 VC#24,24A .51 It 1:50PM 75

605 M 55 C VC#25,25A 0.61 12:00PM 3:10PM 68
'355 F 200 C VC#26,26A .36 If 3:14PM 65
739 M 264 Tl VC#27,27A .74 t* 3:23PM 70
290 F 303 Tl VC#28,28A .29 II 3:25PM 55
679 M 469 T2 VC#29,29A .68 II 3:35PM 50
330 F 569 T2 VC#30,30A .33 II 3:40PM 41
720 M 609 T3 VC#31,31A .72 II 3:50PM 46
371 F 728 T3 VC#32,32A .37 If 3:53PM 63

649 M 39 C VC#33,33A .65 2:00PM 4:45PM 72
398 F 160 c VC#34,34A .40 tl 4:50 PM 57
696 M 279 Tl VC#35,35A .70 tf 4:55PM 67
512 F 369 Tl VC#36,36A .50 II 5:03PM 77
694 M 489 T2 VC#37,37A .70 If 5:07PM 59
387 F 599 T2 VC#38,38A .39 II 5:10PM 51
757 M 639 T3 VC #39,39A .76 II 5:20PM 48
453 F 717 T3 VC#40,40A .45 II 5:25PM 43

1 #1 right femur 2 #1A left femur 3 1Dose - Stock 1 mg Colchicine/ml
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TABLE 2

IN VIVO RAT BONE MARROW CYTOGENETICS 
BIOMEDICAL AND COMPARATIVE TOXICOLOGY LABORATORY 

DOW CHEMICAL U.S.A.
TEXAS DIVISION, FREEPORT, TEXAS

I. MITOTIC ARREST

A. Inject l.o mg/kg Colchicine 3 hours prior to sacrifice.
B. Inject Colchicine intraperitoneally.
C. Stock Colchicine: 1.0 mg/ml in Hanks Media.

II. SACRIFICE AND BONE MARROW CELL RECOVERY

A. Sacrifice animal with C02-
B. Remove all skin and most of the tissue from both femurs 

(try to avoid severing the femoral artery).
C. Sever the femur at the distal end.
D. Aspirate the bone marrow into a 10 cc syringe (with 20 gauge 

l3?" needle) containing 6 ml of Hanks Media.
E. Place media and cells into a 15 ml centrifuge tube and mix 

cells vigorously making certain all cells are disassociated.

III. HARVEST OF BONE MARROW CELLS

A. Centrifuge cells for 10 minutes at 1500 rpm.
B. Discard all supernatant.
C. Add 6 ml of 0.075 M KCl and mix thoroughly with siliconized 

dispopette.
D. Incubate cells in 37°C water bath for 20 minutes.
E. Centrifuge 5 minutes at 1500 rpm.
F. Discard all supernatant.
G. Add 5 ml of fresh fixative (3:1 methanol:acetic acid) 

and mix thoroughly.
H. Refrigerate for minimum of 24 hours before making slides.

IV. SLIDE PREPARATION

A. Centrifuge fixed cells for 5 minutes and discard all super­
natant.

B. Add 0.8-1.0 ml of fresh fixative and mix thoroughly.
C. Drop cell suspension onto slides taken from 6% ethanol 

solution.
D. Flame dry and then stain with 8% Giemsa at convenience.
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TABLE 3
MALE aTS SCORER 03

BIOMEDICAL RESEARCH LABORATORY
CHROMOSOME AND CHROMATID SUMMARY SHEET
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9 

17 
25 
33

C
C
C
C
c
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50
50

0
0
0
0
0

0
0
0
0
0

0
0
0

.02

.02

0
0
0
0
0

0
0
0

.02

.02

VC #3 
11 
19 
27 
35

50
50
50
50
50

0
0
0
0
0

0
0
0
0
0

0
0
0

.04

.04

0
0
0
0
0

0
0
0

.04

.04

VC #5 
13 
21 
29 
37

t2
T2
t2
t2

50
50
50
50
50

0
0
0
0
0

0
0
0
0
0

0
.04
.02
0
0

0
0
0
0
0

0
.04
.02
0
0

VC #7 
15 
23 
31 
39

T3
t3
t3

50
50
50
50
50

0
0
0
0
0

0
0
0
0
0

0
0

.04
0

.02

0
0
0
0
0

0
0

.04
0

.02

(1)

(2)

(3)

(4)

(5)

Multiple Aberrations — a heavily damaged cell containing aberrations too 
numerous to count.

Miscellaneous Aberrations - a cell containing pulverizations, endoreduplica- 
tions, etc.

Chromatid Aberrations — includes breaks with fragment, breaks without frag­
ments, intrachanges, and interchanges.

Chromosome Aberrations — includes breaks with fragments, breaks without 
fragments, dicentrics, rings, translocations, and inversions.

Abnormal Cells — scored as one if a cell contained any of the abnormalities 
listed in notes (1), (2), (3) or (4).
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TABLE 3
MALI ATS SCORER 25

BIOMEDICAL RESEARCH LABORATORY
CHROMOSOME AND CHROMATID SUMMARY SHEET
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VC #1 C 50 0 0 0 0 0
9 C 50 0 0 .02 0 .02

17 C 50 0 0 0 0 0
25 C 50 0 0 .02 0 .02
33 C 50 0 0 .04 0 .04

VC #3 T1 50 0 0 .02 0 .02
11 T1 50 0 0 0 0 0
19 T1 50 0 0 .04 0 .04
27 T1 50 0 0 .04 0 .04
35 Ti 50 0 0 0 0 0

VC #5 t2 50 0 0 0 0 0
13 T2 50 0 0 0 0 0
21 t2 50 0 0 0 0 0
29 t2 50 0 0 0 0 0
37 T2 47 0 0 0 0 0

VC #7 T3 50 0 0 .04 0 .04
15 T3 50 0 0 0 0 0
23 *3 50 0 0 0 0 0
31 t3 50 0 0 0 0 0
39 T3 50 0 0 0 0 0

Multiple Aberrations — a heavily damaged cell containing aberrations too 
numerous to count.

(2) Miscellaneous Aberrations — a cell containing pulverizations, endoreduplica- 
tions, etc.

^Chromatid Aberrations — includes breaks with fragment, breaks without frag­
ments, intrachanges, and interchanges.

(4)
Chromosome Aberrations — includes breaks with fragments, breaks without 
fragments, dicentrics, rings, translocations, and inversions.

^Abnormal Cells — scored as one if a cell contained any of the abnormalities
listed in notes (1), (2), (3), or (4).
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TABLE 3
MALL ATS SCORER 26

BIOMEDICAL RESEARCH LABORATORY
CHROMOSOME AND CHROMATID SUMMARY SHEET
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9 

17 
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C
C
C
C
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0
0
0
0
0

0
0
0
0
0

0
.02
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0
0
0
0
0

0
.02
0

.02

.02

VC #3 
11 
19 
27 
35

Ti
Ti

50
50
50
50
50

0
0
0
0
0

0
0
0
0
0

.02
0

.04
0

.04

0
0
0
0
0
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0

.04
0
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VC #5 
13 
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29 
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*2
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50
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0
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0
0

0
0
0
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0
0
0
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0
0
0
0
0

0
0
0
0
0

0
0
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.02
0

0
0
0
0
0

0
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0

^Multiple Aberrations — a heavily damaged cell containing aberrations too 
numerous to count.

^Miscellaneous Aberrations — a cell containing pulverizations, endoreduplica- 
tions, etc.

^Chromatid Aberrations — includes breaks with fragment, breaks without frag­
ments, intrachanges, and interchanges.

(4) Chromosome Aberrations — includes breaks with fragments, breaks without 
fragments, dicentrics, rings, translocations, and inversions.

^Abnormal Cells — scored as one if a cell contained any of the abnormalities

listed in notes (1), (2), (3) or (4).
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TABLE 4
FEMAI 1ATS SCORER 26

BIOMEDICAL RESEARCH LABORATORY
CHROMOSOME AND CHROMATID SUMMARY SHEET
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 t5)

VC #2 C 50 0 0 0 0 0
10 C 50 0 0 0 0 0
18 C 50 0 0 .02 0 .02
26 C 50 0 0 .02 0 .02
34 C 50 0 0 .02 0 .02

VC #4 T1 50 0 0 .06 0 .06
12 T1 50 0 0 0 0 0
20 T1 50 0 0 0 0 0
28 V 50 0 0 .04 0 .04
36 Ti 50 0 0 .04 0 .02

VC #6 t2 50 0 0 0 0 0
14 T2 50 0 0 .06 0 .06
22 t2 50 0 0 .04 0 .04
30 T2 50 0 0 0 0 0
38 T2 50 0 0 .04 0 .04

VC #8 t3 50 0 0 .02 0 .02
16 T3 50 0 0 0 0 0
24 T3 50 0 0 .02 0 .02
32 T3 50 0 0 .02 0 .02
40 T3 50 0 0 .06 0 .06

^Multiple Aberrations — a heavily damaged cell containing aberrations too 
numerous to count.

(2) Miscellaneous Aberrations — a cell containing pulverizations, endoreduplica- 
tions, etc.

^Chromatid Aberrations — includes breaks with fragment, breaks without frag­
ments, intrachanges, and interchanges.

(4) Chromosome Aberrations — includes breaks with fragments, breaks without 
fragments, dicentrics, rings, translocations, and inversions.

^Abnormal Cells — scored as one if a cell contained any of the abnormalities
listed in notes (1), (2), (3) or (4).
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TABLE 4
FEMAL' CORER 25

BIOMEDICAL RESEARCH LABORATORY
CHROMOSOME AND CHROMATID SUMMARY SHEET
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14 T2 50 0
22 T2 50 0
30 T2 50 0
38 T2 50 0

VC #8 T3 50 0
16 T3 50 0
24 t3 50 0
32 t3 50 0
40 t3 50 0

V)

ui
3
3wo w

\
3
05
W
a

s01
3
3h*wm
U —

3 \ m 2 3 a
o to < Ol to < w
u z~ 3— U 3—> 2 2z O CN Q 3<n S 3-er 2 o
«< W'-* M W— o w— o u3 Eh Eh U c/> u Z oi
3 < Q < \ Q O V. Q fflw 2 w S 01 W S U id «C 01o « 2 O Z 2 O z 2 3
to w o K O O « o o • 3H a o Z M O S M U O WX «c oi O Eh 01 OEM Z O

0 0 0 0
0 0 0 0
0 .06 0 .06
0 .02 0 .02
0 .02 0 .02

0 0 0 0
0 0 0 0
0 0 0 0
0 .02- 0 .02
0 .02 0 .02

0 .02 0 .02
0 .02 0 .02
0 0 0 0
0

C
N

O
• 0 .02

0 .02 . 0 .02

0 .10 0 .10
0 .02 0 .02
0 0 0 0
0 0 0 0
0 .02 0 .02

^Multiple Aberrations — a heavily damaged cell containing aberrations too 
numerous to count.

(2) Miscellaneous Aberrations — a cell containing pulverizations, endoreduplica- 
tions, etc.

^Chromatid Aberrations — includes breaks with fragment, breaks without frag­
ments, intrachanges, and interchanges.

(4) Chromosome Aberrations — includes breaks with fragments, breaks without 
fragments, dicentrics, rings, translocations, and inversions.

^Abnormal Cells — scored as one if a cell contained any of the abnormalities
listed in notes (1), (2), (3) or (4).
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TABLE 4
FEMAL RATS SCORER 03

BIOMEDICAL RESEARCH LABORATORY
CHROMOSOME AND CHROMATID SUMMARY SHEET

O
z

g
DEh►J
DO

<
gEh

8tn
inhJ
h)WU

#2 C 50
10 C 50
18 c 50
26 c 50
34 c 50

#4 *1 50
12 T1 50
20 T1 50
28 Tl 50
36 T1 50

#6 t2 50
14 t2 50
22 T2 50
30 Tl 50
38 TC 50

#8 T3 50
16 50
24 T3 50
32 t3 50
40 T3 50

i 3 < 2
w

2
cs

OS
u

« cn u H ma D \ CQ <a cn O cn < cn cn< w z~ U hl~
j-t Z OtN Q hJ<n 2 JTw u>- J u 0, \ in
§Eh

D
£

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

uo
tn

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

Quor.OUcn

w—a

0
.04
0

.06
0

0
0
0
0
0

.02
0
0
0
0

.02

.06
0

.08
0

o ta­
in u O ‘z
§Xu

\ Q OT w

0
0
0
0
0

0
.02
0
0
0

0
0
0
0
0

0
.02
0
0
0

a

tn

0
.04
0

.06
0

0
.02
0
0
0

.02
0
0
0
0

.02

.06
0

.08
0

Multiple Aberrations — a heavily damaged cell containing aberrations too 
numerous to count.

(^Miscellaneous Aberrations ~ a cell containing pulverizations, endoreduplica- 
tions, etc.

(^Chromatid Aberrations — includes breaks with fragment, breaks without 
fragments, intrachanges, and interchanges.

(4) Chromosome Aberrations — includes breaks with fragments, breaks without 
fragments, dicentrics, rings, translocations, and inversions.

Abnormal Cells — scored as one if a cell contained any of the abnormalities
listed in notes (1), (2), (3) or (4).
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/ VBLE 5
STATISTICAL SUMMARY

Sex of Scorer Doses TotalAnimal Number C Ti T2 T3

03 .009 .016 .012 .012 .012
Males 25 .016 .02 .00 .008 .014

26 .012 .02 .012 .012 .014
Total .012 .019 .008 .011 .013

03 .02 .004 .004 .032 .015
Females 25 .02 .008 .016 .028 .018

26 .012 .024 .028 .024 .022
Total .017 .012 .016 .028 .019

TOTAL .015 .016 .012 .020 .016

Doses
Scorer C Ti T2 T, Total

03 .014 .010 .008
6

.022 .014

25 .018 .014 .008 .018 .015
26 .012 .022 .020 .018

P
.018

Total .015 .016 .012 .020 .016

P = .50

Sex of Dose
Animal C T1 T2 T3 Total

Male .012 .019 .008 .011 .013

Female .017 .012 .016 _. 028 .018

Total .015 .015 .012 .019 .016

p = .50

60

09

DTH 000011839
T



f

TABLE 6

ANALYSIS OF VARIANCE SUMMARY

Source of Variation* df

Total 119

Sex 1
Dose 3
Sex by Dose 3
Animals in Groups 32
Scorers 2
Sex by Scorer 2
Dose by Scorer 6
Sex by Dose by Scorer 6
Scorer by Animal in 
Groups 64

Hypotheses

I* H0: *4n = »£ P = -09

HA:

mean squares F ratio p-value

.00108 3.176 .09

.00028 .810 ns

.00073 2.156 .12

.00034 — —

.00022 .490 ns

.00007 .153 ns

.00026 .568 ns

.00026 .564 ns

.00045

H H • Hq: ^03 = ^25 = ^26 P = .60

ha: At least one scorer is different

III. Hq: Pc " Pi = ^2 = ^3 p = .50

Ha: At least one dose is different

IV. Hq: Doses and Sexes are Independent

ha: Dose effect is sex dependent

*
1. Sex, Dose, Scorers considered Fixed Factors.
2. Animals considered random.

Hq — Null Hypothesis
Ha — Alternate Hypothesis
y — Mean for males m

— Mean for females
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