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Summary  The diagnostic ultrasound was given to 21 healthy pregnant 
women who were undergoing induced abortion, and sister chromatid ex- 
change (SCE) was analyzed on amniotic fluid cells before and after the 
ultrasonic exposure. There was no linear relationship between the SCE 
frequency and time of ultrasonic exposure. The SCE frequency was not 
significantly increased after the exposure as compared with that before the 
exposure. The data suggest that diagnostic ultrasound is a safe procedure 
when used for prenatal diagnosir 

INI'RODUCTION 

In the past few years, ultrasound has been increasingly used in prenatal diag- 
nosis in various parts of the world. However, the possibility that ultrasound can 
induce gene mutation has been widely concerned by scientists. Haupt et al. (1981) 
designed a simple model of 37~ water bath that simulated the spatial and sono- 
graphic conditions of an exposed gravid abdomen and uterus. Cultured human 
lymphocytes were placed within the model and exposed to various intensities of 
ultrasound. The authors used this method to analyze sister chromatid exchange 
(SCE) of the human lymphocytes and found that significant differences both in the 
distribution and the means of SCE frequencies for control versus exposed cells. 
Therefore, they suggested that minimizing the number and length of exposure per 
patient would be prudent (Haupt et al., 1981). Two other studies evaluated the 
effect of ultrasound on SCE frequency in human lymphocytes with contradictory 
results (Morris and Palmer, 1978; Liebeskind et al., 1979). Lundberg et al. (1982) 
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reported the result of a study of in vivo diagnostic ultrasound on sister chromatid 
exchange frequency in amniotic fluid cell. There were some shortcomings in their 
report. First, the cell growth from initiation to harvest was too long (usually 14 
to 21 days). Second, in the second period of SCE 25 metaphases per case was not 
reached. Third, the control cases were much less than the experimental cases and 
the control case and experimental case were not the same subject. Since every 
pregnant woman has her own specific environment and constitutions, the compara- 
bility in thei r  experiment was not so satisfactory. Moreover, the variables such as 

abdominal wall thickness, placental position, and fetal posture can not be controlled. 
The above factors would influence the accuracy of the experiment. 

In view of the shortcomings and limitations of the above research, we think 
that further improvement of methodology and design is needed in such a research. 

MATERIALS AND METHODS 

The samples of amniotic fluid were obtained from 21 healthy pregnant women 
who were undergoing induced abortion within 12-24 weeks of pregnancy. These 
subjects had not been exposed to any known lrmtagens nor teratogens, and did not 
smoke. Before giving a diagnostic ultrasound and inducing an abortion, each 
subject's personal history and pedigree were requested. The 21 selected subjects 
were divided into seven groups, each consisting of three. The diagnostic ultrasound 
was given to the women from abdomen down to the uterus and amniotic cavity, 
and the length of exposure for each group was different, i.e., 3, 6, 9, 12, 15, 18 and 
21 rain, respectively; before and after the exposure, 20 ml amniotic fluid were drawn 
as controls and experiments. For ultrasonography, the model SDL-100A frequency, 
3.5 MHZ, range 21 cm (deep) x 8.5 (wide) was used. 

The amniotic fluid cells of both the controls and the experimentals were cultured 
under the same condition, using the same culture medium and the same procedure. 
Chromosomes were prepared at the same time. The method used for amniotic fluid 
cell culture was an improved method by our laboratory (Ma et  al., 1985). The 
cell growth from initiation to harvest usually took 9 days, sometimes 12 days. BrdU 
was added to the culture medium to make the final concentration 1.25 ug/ml, and 
then the culture was continued in the dark place for 40 hr. Four hours before the 
end of culture, colchicine was added to the medium at a final concentration of 0.25 
/~g/ml. Preparation of the slide and procedure of staining were based on the stand- 
ard method (Ma et  al., 1983). Twenty-five metaphases, each having the chromo- 
some number 2n=46,  were selected at random. Exchange in the terminal of sister 
chromatid was regarded as one SCE, in the middle of sister chromatid as two SCEs, 
and in the centromeric region as one SCE. 
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R E S U L T S  A N D  D I S C U S S I O N  

From the exposure time and SCE frequency we sought the linear regression 
equation, S ,=8.3276-0.0913x (Fig. l). According to the result of analysis of vari- 
ance for linear regression equation (Table 1) F 2 =3.21 (p > 0.05), F1-- 1.97 (p > 0.05), 
we concluded that there was no linear relationship between the SCE frequency and 
time of ultrasonic exposure. We compared the SCE of amniotic fluid cells before 
and after exposure for 21 pregnant women with the diagnostic ultrasound. There 
was no statistically significant difference between the SCE before and after exposure 
(0.5 > p > 0.2) (Table 2). 

Liebeskind et al. (1979) found that the frequency of sister chromatid exchanges 
increased in freshly isolated human lymphocytes as well as in a continuously growing 
lymphoblast line by exposure to diagnostic level of ultrasound for 30 min. So they 
believed that most clinical examination of the fetus are of short duration and the 

Fig. I. 

10 

g 

(/3 

I I I I 

0 3 6 9 i~2 i'5 18 211 2'4 
Exposure time (rnin) 

The regression line of  SCE frequency (y) on exposure time (x) to ultrasound 
in vivo. 

Table 1, The analysis of variance for linear regression equati6n between exposure time 
of diagnostic ultrasound and SCE of  amniotic fluid cells. 

Source of  variation SS /~ MS F p 

Total 43.58 20 

Due to regression 6. 29 1 6.29 F2 = 3.21 > 0 . 0 5  

Misfitting 15.40 5 3.08 F1 = I. 97 > 0 .  05 

Residue 21.88 14 1.56 
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Table 2. The paired data analysis of SCE in diagnostic ultrasound before and after exposure. 

No. of the Before exposure After exposure Exposure time 
pregnant women 

t =0.8405, 

1 8.48 8 .76  3 

2 7. 88 9. 04 3 

3 7.60 7.72 3 

4 7.80 8.00 6 

5 5.56 8.60 6 

6 6.28 9.48 6 

7 5.80 4.44 9 

8 8.32 6, 68 9 

9 9. 92 6, 64 9 

10 5.20 5.24 12 

l 1 9 .04  8 .08  12 

12 7.68 7.84 12 

13 9, 44 6. 28 15 

14 7, 96 8.12 15 

15 7.28 7.00 15 

16 6. 88 5.32 18 

17 7, 84 8.24 18 

18 4. 60 4, 24 18 

19 8.96 7. 36 21 

20 6.72 6. 60 21 

21 8.80 8.20 21 

0.5>p>0.2. 

sur rounding  maternal  tissues a t tenuate  the ul t rasonic  beam. However,  their  findings 

suggest that  u l t rasound  may not  be entirely innocuous.  H a u p t  et  al. (1981) repor ted  

the ul t rasonic  induct ion of  sister ch romat id  exchanges in h u m a n  lymphocytes .  Al-  

though the cultures in their  s tudy were derived f rom adul t  lymphocytes  ra ther  than 

fetal tissues, they believed tha t  fetal cells could show different responses,  p robab ly  

because of  their  actively dividing state. This p rob lem is worth notice. I t  is gener- 

ally believed that  power  of  diagnost ic  u l t rasound  has no ha rm to human  body,  but  
whether  it may induce a delicate fetal cell gene mic romuta t ion  is still a question.  

Our  SCE research indicates that  the exposure to diagnost ic  u l t rasound  for  3-21 

rain showed no harm to the fetal cells. The da ta  obta ined  in our  research suppor t  

the hypothesis  that  diagnost ic  u l t rasound is a safe procedure  when used for prenata l  

diagnosis.  
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