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Cytogenetic studies on peripheral blood 
cultures of neonates treated in an intensive unit

Matild D o b o s , D S c h u l e r , Zsuzsa B o r s

Second  D e p a rtm e n t o f  P aed ia tric s , Sem m elw eis U n iv e rs ity  M edical School, B u d a p e s t

T he  possible causes o f  a n  in c rea sed  ra te  o f s tru c tu ra l ch rom osom al 
ab e rra tio n s  a n d  s is te r  c h ro m a tid  e x ch an g e  in  peripheral b lo o d  c u ltu re s  o f 
m echan ica lly  v e n ti la te d  new borns in  a n  in tensive  care u n it w ere  in v e s tig a te d .

N o cy to g en e tic  ab n o rm a litie s  w e re  found  in  lo w -b irth -w e ig h t bab ies 
affec ted  b y  h y p o x ia  an d  acidosis d u r in g  th e ir  f irs t week o f  life. T h e  r a te  o f  
chrom osom e b reak ag e  a n d  sis te r c h ro m a tid  exchange w as in c reased  in  b lood 
cu ltu res  o f  n eo n a te s  con tin u o u sly  v e n ti la te d  w ith  70 80 v o l%  o x y g en  fo r a
long p e rio d  o f  tim e . T he incidence a n d  deg ree  o f chrom osom al d am ag e , a l­
th o u g h  show ing w ide in d iv id u a l v a r ia tio n s , w as re la ted  to  th e  d u ra t io n  o f 
oxygen  tre a tm e n t.

In  a d d it io n  to  h igh  oxygen  te n s io n , o th e r en v iro n m en ta l fa c to rs  o f 
in tensive  care  th e ra p y  like an tib io tic  a n d  chem otherapeu tic  a g e n ts  m a y  be 
responsib le  fo r th e  m u tag en ic  effec t. T h e  re su lts  ind icate  once a g a in  th e  im ­
p o rtan ce  o f  con tin u o u s p 0 2-m o n ito rin g  o f  v en tila ted  new borns.

The incidence of structural chro­
mosomal aberrations in peripheral 
blood cultures of term babies is 0.8 
3.2% during the first fifteen days of 
life [4, 7, 18]. Some authors [3, 15] 
demonstrated a 4 — 10-fold increase 
of chromosome breakage in blood 
cultures of low-birth-weight neonates, 
while others [16] found no chromoso­
mal abnormalities in newborns weigh­
ing less than 1000 g.

Hatcher and Hook [10] produced 
evidence that chromosomal breakage 
develops postnatally in both preterm 
and term newborns ; this points to en­
vironmental mutagenic factors.

During the first days of life the 
homoeostasis of newborns is menaced 
by hypothermia, hypoxia, hypogly- 
caemia, infection and resulting aci­

dosis. The question emerges whether 
the therapy directed against these 
conditions was responsible for dam­
age to the chromosomes.

P a t ie n t s  a n d  M e t h o d s

1. F o u r te e n  p re te rm  b a b ie s  w ith  a  
g e s ta tio n a l age less th a n  36 w eek s, a d ­
m i t te d  to  th e  neonata l in ten s iv e  c a re  u n it 
in  h y p o th e rm ia , hypoxia  a n d  se v e re  a c id o ­
sis w e re  in c luded  in to  th e  s tu d y . T h e  n u m ­
b e r  o f  chrom osom e b reaks p e r  cell in  p e ­
r ip h e ra l  b lood  cu ltu res w as d e te rm in e d  
d u r in g  th e  f i r s t  e ig h t d ay s o f  life (T ab le  I) .

2. T h e  r a te  o f ch rom osom e b re a k a g e  
a n d  s is te r  ch ro m atid  ex ch an g e  (SC E) was 
d e te rm in e d  in  blood c u ltu re s  o f  10 n ew ­
b o rn s  o n  1— 4 w eeks u n in te r ru p te d  in te r ­
m i t t e n t  po sitiv e  pressure b re a th in g  ( IP P B ) 
o r  p o s itiv e  e x p ira to ry  end  p re s su re  (P E E P ) 
a f te r  te rm in a tio n  o f v e n ti la to ry  t r e a tm e n t .
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T a b le  I

C y to g en e tic  fin d in g  e n c o u n te re d  in  p re m a tu re s  a ffe c te d  b y  hypox ia  a n d  ac id o sis

Patient
No.

Birth
weight

g

Age,
days Diagnosis Blood

pH
pO, 

mm FT g
Blood

glucose
m/dl

Body
temperature

°C

No. of eval­
uated meta­

phases

No. of 
structural 

aberrations

l. 1 2 6 0 3 Centralis lesion 7 .0 7 9 0 3 5 .8 3 0
2 . 1 4 0 0 4 Perinatal infection 6 .8 — 1 4 0 36 5 0
3 . 1 6 0 0 5 IRDS I—II 7 .2 — 4 6 3 6 .4 3 0 1
4 . 1 0 0 0 8 Perinatal infection 7 .0 — 9 0 3 6 .7 3 0
5 . 1 2 0 0 2 Prematurity 7 .2 — 1 7 5 3 6 .4 3 0
6 . 1 8 3 0 7 Oesophageal atresia 7 .1 3 2 1 5 0 3 6 .4 3 0 1
7. 1 4 4 0 4 Oesophageal atresia 7 .0 2 8 2 0 0 3 6 4 0 l
8 . 1 7 3 0 1 Asphyxia in utero 7 .2 4 3 6 1 0 0 3 5 .5 3 0
9 . 1 0 8 0 2 IRDS, intracere­

bral haemorrhage
7 .1 9 3 9 1 3 0 3 6 .4 3 0

1 0 . 2 1 0 0 2 Sepsis, jaundice 7 .0 9 14 2 5 0 3 5 .4 3 0 2
1 1 . 1 2 0 0 1 IRDS II I—IV 7 .1 6 16 9 0 3 5 .5 3 0
1 2 . 6 6 0 3 Cerebral

haemorrhage
7 .3 2 6 3 1 3 0 3 6 3 0 1

1 3 . 1 6 5 0 4 Hyperbiliru-
binaemia

7 .3 4 4 — 3 6 .5 3 0

1 4 . 9 5 0 8 Pneumonia 7 .1 4 4 2 9 0 3 6 .2 3 0
4 5 0 6

T h e  g a s  m ix tu re  used  fo r th e r a p y  con ta ined  
m o re  th a n  60 vo l%  0 2. p 0 2 v a lu es  w ere 
e i th e r  m o n ito re d  tr a n sc u ta n e o u s ly  or 
m e a s u re d  in  a r te r ia l b lo o d  sam p les  b y  th e  
A s tru p  m e th o d . C y to g en e tic  s tu d ie s  w ere 
p e r fo rm e d  sim u ltan eo u sly  in  0 2-tre a te d  
n e o n a te s  a n d  new borns o f  c o m p a rab le  age 
a d m i t t e d  to  th e  sam e u n i t  b u t  n eed in g  no 
o x y g e n  th e ra p y .

I n  a d d it io n  to  o x y g en  t r e a tm e n t ,  th e  
p a t i e n ts  rece iv ed  p a re n te ra l  g lucose, e lec­
t r o ly te  a n d  am ino  ac id  so lu tio n s , v itam ins 
a n d  a n tib io tic s . T he c o n tro l  g ro u p  w as 
t r e a te d  w ith  th ese  su b s ta n c e s  in  a  sim ilar 
w ay , a s  d e m o n s tra te d  in  T a b le  I I .

N e w b o rn s  t r e a te d  w ith  p h o to th e ra p y , 
o r  w ith  caffeine because  o f  ap n o e ic  spells 
w ere  ex c lu d e d  from  th e  s tu d y ,  a s  these  
fa c to rs  a re  supposed  to  possess  a  ch rom o­
som e d am ag in g  ac tio n  [8, 21].

C h ro m o so m e s tu d ie s  w ere  c a r r ie d  o u t on 
c u l tu r e d  p e rip h e ra l b lood  b y  th e  m e th o d  o f 
S u m n e r  e t  a l (24); th e  b re a k a g e  p o in ts  
w e re  e v a lu a te d  b y  lig h t-m ic ro sco p y  a f te r  
t r a d i t io n a l  s ta in in g . T h e  SC E  p h en o m en o n  
w as s tu d ie d  b y  th e  m e th o d  o f  P e r ry  a n d  
W o lf f  [19], a s  m o d ified  b y  R a p o s a  [20].

R e s u l t s

1. The number of breaks per me­
taphase was 0.013 immediately after 
admission in prematures with acido­
sis and hypoxia (normal value for 
this laboratory; 0.010 i  0.013) as 
shown in Table I.

2. Most p 0 2 values of the patients 
treated with continuous mechanical 
ventilation were higher than 80 mm 
Hg. After termination of ventilatory 
treatment they exhibited a mean rate 
of aberration of 0.16 as contrasted to 
the value of 0.05/metaphase, found in 
newborns cared for in the same unit 
but not treated with oxygen (p <  0.05). 
The mean rate of SCE amounted to
7.1 in the oxygen treated group 
and to 5.7 (p >  0.40) in the control 
group (Table III). The highest break­
age rates were encountered in the cul-
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T a ble  I I

Clinical d a ta  o f  new b o rn s receiv ing lo n g -te rm  o xygen  th e ra p y

Serial
number

of
patient

Diagnosis Drugs administered
Type Duration in days

of oxygen treatment

l. Pneumonia, sepsis, central 
lesion

Tobramycin, meticillin, oxacillin, 
bromohexine

IPPB—CPAP 26

2. Acute fetal distress, 
pneumonia

Tobramycin, azlocillin, polymyxin IPPB 
furosemide, dopamine, dobutumine, 
phénobarbital, human lyophil Ig

11

3. IRDS, bronchopulmonary Tobramycin, penicillin, oxacillin, PEEP—CPAP 4
dysplasia bromohexine, furosemide, dopamine IPPB, na- 

dobutamine, tolazoline sal gavage
30

Control Ileal atresia Tobramycin, penicillin, cephamandol, 
ampicillin, oxacillin, azlocillin, 
dexpanthenol, human lyophil Ig

— —

4. Connatal tuberculosis Tobramycin, penicillin, azlocillin, 
cephamandol, furosemide, dex­
panthenol, human lyophil Ig

PEEP—CPAP 

PEEP—IPPB

18

28
6 . In utero infection Tobramycin, penicillin PEEP—CPAP 7

Control Hydronephrosis Tobramycin, ampicillin, — —
6. E.coli meningitis Tobramycin, oxacillin, azlocillin, 

cephamandol, chloramphenicol, 
human lyophil lg

IPPB-in- 
cub. O J

12

7. Intrapartum asphyxia, 
infection

Tobramycin, ampicillin, diazepam, 
phénobarbital

PEEP—CPAP 7

8. Intrauterine growth re­
tardation, broncho­
pulmonary dysplasia

Tobramycin, oxacillin, human 
lyophil Ig, hepar ii

IPPB—CPAP 16

9. Perinatal infection Tobramycin, oxacillin, dopamine, 
dobutamine

CPAP-incub.
o 2

13

10. IRDS III—IV, cerebral 
haemorrhage

Penicillin, ampicillin, cephamandol 
furosemide, phénobarbital, 
diazepam, dopamine, dobutamine

CPAP-PEEP 18

Control Neonatal pyelonephritis Tobramycin, penicillin — —

tures of newborns treated with 90 — 
100 vol% oxygen for a considerable 
time. The two cytogenetic parame­
ters showed mostly no parallelism 
and there was considerable individual 
scatter within the results obtained by 
either method. Only three patients 
had a SCE rate exceeding the mean, 
i.e. these patients exhibited exces­

sively high values. In one patient the 
increased breakage rate was not ac­
companied by SCE induction (Table 
III). It appeared that the duration of 
oxygen therapy was of importance. 
In an illustrative case, a baby need­
ing continuous positive airways pres­
sure (CPAP) resp. PEEP because 
of intrauterine infection and serial
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T a b l e  I I I

C y to g en e tic  find ings o f  n e w b o rn s  receiving p ro lo n g ed  o x y g en  tr e a tm e n t

Patient
No.

Oxygen 
concentra­
tion of in­

halation 
mixture, 

vol%

Duration 
of oxygen 
therapy, 

day

Number of 
metaphases 

studied
Aberration 

per cell

Type of

SOB per cellchromosome aberration

chromatid chromosome

l 100—70 26 50 0.28 12 2 9.7
2 100—90 11 50 0.14 4 3 no t investigated
3 100—70 14 50 0.24 11 1 8.3

C ontrol 50 0.10 5 6.7

4a 100—90 18 50 0.06 2 1 5.5
4b 100—95 28 50 0.18 8 1 6.3
5 60—60 7 50 0.06 2 1 n o t investigated

C ontrol 100 0.02 1 1 5.7

6 50—40 12 50 0.12 5 1 5.2
7 60—40 7 50 0.02 1 6.0
8 70—60 16 50 0.24 9 3 5.0
9 65—30 13 50 0.12 5 1 n o t investigated

10 100—60 18 50 0.20 7 3 7.7

C ontrol 50 0.06 3 5.0

T o ta l/m ean 550 0.16 66 17 7.1
C ontrol va lues 2 0 0 0.05 9 1 5.7

Fio. 1
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apnoeic spells over 18 days had 0.06 
aberrations and 5.5 SCE per cell; 
40 days later, after a period of unin­
terrupted PEEP-IPPB treatment, 
these values increased to 0.18 and
6.3 respectively (Eigure 1).

D i s c u s s io n

Environmental mutagenic effects 
must play a role in the development of 
chromosomal aberrations observed in 
newborns since there are no struc­
tural aberrations or SCE in the cord 
blood of neonates born of healthy 
mothers [10]. There is an elevated 
rate of chromosomal breakage in 
newborns under intensive care or 
those exhibiting signs of intrauterine 
growth retardation [10].

Oxygen seems to play an outstand­
ing part among the environmental 
factors leading to mutagenesis [25]. 
Within certain limits, the degree of 
free oxygen pressure may increase the 
concentration of peroxy radicals and 
thereby exert an indirect mutagenic 
effect. It is known from culturing hu­
man lymphocytes that free oxygen 
radicals produced in the medium by 
light or enzymes cause chromosomal 
breakage or induce SCE [5].

The genotoxic effect of high oxygen 
pressure was shown in bacterial tests 
[14] while others [23] observed cell 
death, micronuclear positivity, chro­
mosomal gaps and breaks in Chinese 
hamster fibroblast cultures. The aber­
ration rates observed on exposure to 
oxygen showed a dose and duration 
dependent character. Increased oxy­
gen tension causes elevation in the

rate of SCE in Allium сера Linné cell 
cultures [9]. In other words, molecular 
oxygen may cause genome changes 
in both procaryote and eucaryote 
organisms.

Several defense mechanisms against 
free radicals have been developed by 
all kinds of live matter (nuclear mem­
brane, reducing enzymes, catalases, 
peroxidases, etc.). It was assumed
[6] that all aerobic organisms pos­
sess an enzymic defense system pro­
tecting the cells from oxygen induced 
damage. A similar role has been as­
cribed to plasma uric acid, an antioxi­
dant compound capable of protecting 
the erythrocytes from lipid peroxida­
tion [1].

In phytohaemagglutinin stimulated 
blood cell cultures of patients with 
Fanconi anaemia, elevation of the 
О 2 concentration provokes a com­
mensurate increase in the rate of 
chromosomal breakage. This oxygen 
dependent chromosomal instability 
shows interindividual fluctuations 
which are further enhanced by the 
addition of mitomycin C [13]. In 
Fanconi anaemia a faultive defense 
mechanism has been assumed to be 
at work [12].

Clinical cytogenetic studies cannot 
help in deciding whether the increased 
rate of breakage and SCE, observed 
in lymphocytes of newborns ventilated 
with 60—100 vol% oxygen should 
be ascribed to the indirect damaging 
effect of oxygen itself or to a failure 
of the assumed enzymic defense mech­
anism.

The rate and degree of chromosomal 
damage is appreciably influenced by
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the duration of oxygen therapy. Im­
portance of the time factor is cor­
roborated by data collected from sev­
eral perinatal intensive care centres 
[17], who showed no cytogenetic 
aberrations in blood cultures of neo­
nates exposed to ventilation therapy 
not exceeding 4 — 5 days.

In evaluating the individual vari­
ability, the possible role of mutagenic 
factors other than oxygen also emerges. 
When selecting the control group, 
patients comparable in respect to 
antibiotic and chemotherapeutic 
treatment were chosen since these 
drugs may cause cytogenetic aber­
rations [2, Ц, 22]. The present data 
do not allow an evaluation of a pos­
sible relationship between acquired 
chromosomal aberrations and specif­
ic antibiotic regimens. However, in a

patient of the control group, affected by 
ileal atresia, who had had to be treated 
with numerous antibiotics in addition 
to cephamandol, a markedly increased 
breakage rate (0.10 aberration per 
cell) was observed.

It may be speculated that patholog­
ical chromosomal phenomena have a 
multiple cause; beside a high oxygen 
pressure, antibiotics and other hospi­
tal pollutants (detergents, chemicals 
used for disinfection or cleaning, etc.) 
may be suspected. It appears that 
exact registration of the oxygen 
content of the gas used for ventila­
tion and continuous monitoring of 
the patients’ p 0 2 values are indispen­
sable in proper oxygen dosage and in 
attem pts to reduce the cumulative ef­
fect of deleterious factors present in 
intensive care units.

R e f e r e n c e s

1. A m es  B N : T he d e te c tio n  o f  en v iron ­
m e n ta l  m u tagens a n d  p o te n t ia l  c a r­
c in o g en s . C ancer 53: 2034, 1984

2. B h a tta c h a r je e  SB, P a u l B :  T e tra ­
cy c lin e  induced  m u ta tio n s  in  cu ltu red  
C h in ese  h am s te r cells. M u ta t  R e s  101: 
329, 1982

3. B o c h k o v  N P , K u leshov  N P , C hebota- 
r e v  A N , A lekhin  V J , M id ian  SA : P o p u ­
la t io n  cy togene tic  in v e s tig a tio n  o f  new ­
b o r n  in  Moscow, H u m a n g e n e tik  22: 
139, 1974

4. B re g m a n  AA, H ook  E B , H a tc h e r  N H , 
C h e n  A T L , F a lek  A S: C hrom osom e 
b re a k a g e  in  low b ir th  w e ig h t new borns. 
A n n  G en e t (Paris) 19: 49, 1976

6. E m e r i t  I ,  K eck  M, L ev y  A , F e in g o ld  J ,  
M ich e lso n  AM: A c tiv a te d  o x y g e n  spe­
c ie s  a t  th e  origin o f  ch ro m o so m e b reak ­
a g e  a n d  s is te r c h ro m a tid  exchange. 
M u ta t  R es  103: 165, 1982

6. F r id o v ic h  I :  T he b io lo g y  o f  oxygen 
ra d ic a ls . Science 201: 875, 1978

7. G o o d m a n  RM , F ech h e im er N S , M iller 
F ,  M ille r R ., Z as tm an  O : C hrom osom al 
a l te ra t io n s  in  th ree  age  g ro u p s  o f  h u ­
m a n  fem ales. A m  J  M ed Sei 258 :26 ,1969

8. G ug lie lm i G E , V ogt T F , T ice R R :  I n ­
d u c tio n  o f  s is te r  ch ro m atid  ex ch an g es  
a n d  in h ib it io n  o f  cellu lar p ro life ra tio n  
in  v i t ro  I .  Caffeine. E n v iro n  M u tag en  4: 
191, 1982

9. G u tie r re z  C, López-Sáez J F :  O xygen  
d e p e n d e n c e  o f  s is te r c h ro m a tid  e x ­
ch a n g e s . M u ta t R es 103: 295, 1982

10. H a tc h e r  N H , H ook E B : S o m atic  c h ro ­
m o so m e  b rak ag e  in  low  b ir th  w e ig h t 
n e w b o rn s . M u ta t R es 83: 291, 1981

11. J a j u  M , J a ju  M, A hu ja  Y R : E f fe c t  o f 
c e p h a lo rid in e  on  h u m an  ch rom osom es 
in  v i t r o  in  lym phocy te  cu ltu re s . M u ta t  
R e s  101: 57, 1982

12. J o e n je  H , A rw ert F , E r ik s o n  A W ,
d e K o n in g  H , O estra A B : O x y g en -d e ­
p e n d e n c e  o f  chrom osom al a b e rra tio n s  
in  F a n c o n i’s anaem ia. N a tu re  (L ondon) 
290: 142, 1981

13. J o e n je  H , A nneke B, O estra  A B : E ffe c t 
o f  o x y g e n  ten s ion  on  ch ro m o so m al 
a b e r r a t io n s  in  F ancon i’s an a e m ia . H u m  
G e n e t 65: 99, 1983

14. K e lle y  M , B ad er JM : O xygen m u ta g e n i­
c ity . M u ta t  R es 77: 185, 1980

15. K u le sh o v  N P : C hrom osom e an o m alie s

Acta Paediatrim Hmgarica 27, 1986



M  Dobos et al: Cytogenetics in intensive unit 273

o f  in fan ts  d y in g  d u rin g  th e  n eo n a ta l 
p e rio d  an d  p re m a tu re  new borns. H u m  
G enet 31: 161, 1976

16. M éhes К , B a jn ó czk y  К :  N orm al ch ro ­
m osom es in liv eb o rn  n eo n a te s  w eigh­
ing  less th a n  1000 g. A c ta  P a e d ia tr  
H u n g  23: 41, 1982

17. M éhes К , P elz  L , K o sz to lán y i G, 
B ajnóczky  K , M eggyesi V, U h lem ann  
M: N eo n a ta l in ten s iv e  care  does n o t 
cause chrom osom e d am ag e . A c ta  P a e ­
d ia t r  H u n g  26: 271, 1984

18. P a ti l  SR , R u d d le  FM , L ubs H A : T he 
lym phocy te  a s  d o s im e te r; C om parison 
o f  som atic  ch rom osom e ab e rra tio n s  in 
522 new born in fa n ts  a n d  602 m o th e rs . 
H u m an g en e tik  14: 306, 1972

19. P e rry  P , W olff S: N ew  G iem sa m e th o d  
fo r th e  d iffe ren tia l s ta in in g  o f  s is te r 
ch ro m atid s . N a tu re  (L ondon) 251: 156, 
1974

20. R ep o sa  T : A D N S k á ro so d ás  m o n ito ro ­
zásának  új c ito g en e tik a i m ódszere .

(In  H u n g arian ) O rv  H e ti l  118: 263,
1977

21. S ch ro e te r Ch: Z y to g en e tisch e  U n te r­
suchungen  a n  m ensch liche  L y m phozy ­
te n  n ach  B la u lic h tb e s tra h lu n g  in v itro . 
A c ta  B iol M ed G erm  39: 229, 1980

22. Sorensen  P J ,  Jen sen  M K : C y togenetic  
s tu d ie s  in p a tie n ts  t r e a te d  w ith  trim o- 
th o p rim -su lfam eth o x aso le . M u ta t  R es 
89: 91, 1981

2 3 .S tu rro ck  J E ,  N unn  J F :  C hrom osom al 
dam ag e  a n d  m u ta tio n s  a f t e r  exposure 
o f  Chinese h am s te r cells to  h ig h  concen­
tra tio n s  o f  oxygen . M u ta t  R e s  57: 27,
1978

24. S um ner A T, E v a n s  H J ,  B u c k la n d  R A : 
N ew  tech n iq u es fo r d is tin g u ish in g  be­
tw een  h u m an  ch rom osom es. N a tu re  New 
B io l 232: 31, 1971

26. Y u sa  T : C hrom osom al a n d  te ra to g en ic  
e ffec ts o f  oxygen in  th e  m o u se . B r J  
A n aes th  53: 181, 1981

Received 25 N ovem ber 1985

M D o b o s  MD 
Tűzoltó u. 7.
H-1094 Budapest, Hungary

Acta Paediatrica Uungarica 27, 1986


	3. szám
	Matild Dobos-D. Schuler-Zsuzsa Bors: Cytogenetic studies on peripheral blood cultures of neonates treated in an intensive unit

	Oldalszámok������������������
	267����������
	268����������
	269����������
	270����������
	271����������
	272����������
	273����������


