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Micronucleated erythrocytesin
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maternal pathology.

Original Article

CeciliaM. Batista-Gonza ez'?, J. Roman Corona-Rivera®, BelindaC. Gomez-Meda', AnalL. Zamora-
Pérez!, MariaL. Ramos-Ibarral?, Guillermo M. Zufiga-Gonzé ez*.

1_aboratorio de Mutagénesis, Centro de I nvestigacion Biomédica de Occidente, Instituto Mexicano del
Seguro Social. ?Centro Universitario de Ciencias dela Salud, Universidad de Guadal ajara— Consejo
Nacional de Cienciay Tecnologia. 3L aboratorio de Genética Humana, Departamento de Fisiologia, Centro
Universitario de Cienciasdela Salud, Universidad de Guadal g ara, Guadal gjara, Jalisco, M éxico.

SUMMARY.

I ntroduction. The micronucleusassay detectsDNA
damage. Certain pathol ogies that are associated
with free radical production may increase the
frequency of micronucleated erythrocytes (MNE).
Here, we haveinvestigated whether pathol ogiesthat
are associated with the formation of freeradicals
lead to anincreasein embryonic MNE frequencies
during pregnancy.

Materialsand M ethods. We have used thein vivo
micronuclei test on peripheral blood erythrocytes
to determine MNE frequenciesin preterm newborns
(PN) from apparently healthy mothers. MNE
frequencies were compared with those obtained
from the peripheral blood from PN born to mothers
with diabetes mellitus (DM), systemic arterial
hypertension (SAH) or vagind infection (VI1). Blood
samples were grouped according to gender,
maternal pathology, and maternal folic acid intake.
Results. In the peripheral blood of PN born to
mothers with pathologies the MNE and
micronucleated polychromatic erythrocytes
(MNPCE) frequencieswere higher than in the PN

born to motherswithout any pathological condition
(P<0.02). Inthe PN born to motherswith DM both
the MNE and MNPCE frequencies were elevated
(P<0.01), whereasin the PN born to motherswith
V1 only the MNE frequency was el evated (P<0.03).
The MNE frequency in PN whose mothers suffered
SAH showed an increase, although the MNE
frequency was reduced in female PN and in PN
whose motherstook folic acid (P>0.05). Theresults
were evauated by means of aU-Mann Whitney test.
Discussion. Our results show that the frequency
of MNE increased in PN born to mothers with
pathologiesthat involved anincreasein freeradical
production. (Rev Biomed 2006; 17:11-16)

K ey wor ds: micronucleated erythrocytes; preterm
newborns; maternal pathology; free radicals;
teratogenic potential.

RESUMEN.

Eritrocitos micronucleados en recién nacidos
pretérmino en relacion con la patologia
mater na.
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I ntroduccién. Lapruebade microntcleos detecta
dafio al ADN. Algunas patologiasincrementan la
frecuencia de eritrocitos micronucleados (EMN)
debido a la produccion de radicales libres
asociados con el proceso delaenfermedad. En el
presente trabajo, investigamos si lafrecuenciade
EMN en el embrion se incrementa por patol ogias
gue ocurren durante el embarazo y queinvolucran
laformacién deradicaleslibres.

Material y métodos. Mediante la prueba de
micronucleos (MN) invivo en eritrocitos de sangre
periférica, las frecuencias de EMN en recién
nacidos pretérmino (RNP) de madres sin patologia
fueron comparadas con RNP de madres con
diabetes mellitus (DM), hipertension arterial
sistémica (HAS) o infeccion vaginal (1V). Las
muestras se agruparon respecto a género, patologia
materna e ingesta maternade acido félico.
Resultados. Lasfrecuenciasde EMN y eritrocitos
policrométicos micronucleados (EPCMN) en RNP
de madres con patol ogia fueron mayores que los
de madres sin patologia (P<0.02). RNP de madres
con DM tuvieron frecuencia elevadade EMN y
EPCMN (P<0.01), mientras que los EMN
incrementaron (P<0.03) en losRNP de madres con
IV. Los EMN en RNP de madres con HAS se
incrementaron 'y se observo disminucion en nifias
RNPy en RNP cuyas madresrecibieron &cido félico
(P>0.05). Los resultados fueron evaluados por
medio delaprueba U-Mann Whitney.

Discusion. Nuestros resultados muestran aumento
enlosEMN de RNP de madres con patologias que
involucran incremento en laproduccion deradicales
libres. (Rev Biomed 2006; 17:11-16)

Palabr asclave: eritrocitos micronucleados; recién
nacidos pretérmino; patol ogia materna; radicales
libres; potencial teratdgeno.

INTRODUCTION.

The assay of peripheral blood micronucleated
erythrocytes(MNE) isasmple, rapid and relatively
inexpensive test to determine DNA damage (1-
2).The assay is conducted in tissues with ahigh
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degree of cellular proliferation (3-4) and theresults
of thetest can beinterpreted in astraightforward
manner. Hence, thistest isauseful way to detect
DNA damage producedin vivo and it can be carried
out in just adrop of blood.

Micronuclel (MN) are chromosome fragments
or whole chromosomes that are |l eft behind in the
cytoplasm during mitosis (1, 5-6). In some species,
it ispossibleto measure the spontaneous formation
of MN in peripheral blood (7-9), and an increase
in MN isnormally observed when organisms are
exposed to genotoxic agents (10-11). Organisms
with high levels of spontaneous MNE formation
generally tolerate their existencein the peripheral
circulation and, achronic increasein the production
of MN can result in the accumulation of MNE (10-
11). However, in both young and adult humansthe
basal MNE frequencies in peripheral blood are
closeto zero. Indeed, dueto the efficiency of the
spleen at removing circulating MNE, not even
exposure to micronucleogenic drugsincreasesthe
frequency of MNE in humans (6-7,12). Asaresult,
MNE cantypically only be observed in humanswho
have spleen dysfunction (1,6,13-14) or have been
splenectomized (15-16). In contrast, theimmature
reticuloendothelial system of Preterm Newborns
(PN) does not efficiently remove MNE from
circulation and it ispossibleto observe MNE inthe
peripheral blood of PN (9).

There is an increase in the incidence of
embryonic maformations and neonatal death when
pregnant women suffer the effects of pathologies
involving increased free radical production (17).
From studieswith experimenta animals, it has been
suggested that these congenital malformations may
result from the alteration of serum factors and that
they are associated with pathologies in the
intrauterine environment (18).

Some pathol ogical conditions associated with
increases in free radical production have been
related to DNA damage in periphera blood
lymphocytes (19). The DNA damage produced by
freeradica sresultsfromtheir ability to cause breaks
inthe DNA chain and deoxyribose degradation (20
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23). These observations raise the question as to
whether the diverse pathologies that involve the
production of free radicals during pregnancy
increase the formation of MN and thus, damage
the fetus. Previously, lymphocyte culture from
umbilica cord samplesand micronucleusevauation
had been used to identify the effects of transplacental
mutagens (24). In the present study we have
investigated whether pathological conditionsduring
pregnancy that are associated with increased free
radical production can affect MNE frequenciesin
PN.

MATERIAL AND METHODS.

Blood sampleswere obtained from 78 PN born
between 24 to 36 weeks of gestation at the
Intensive Care section of the Neonatal Unit,
Pediatric Service of the "Hospital Civil Juan |
Menchaca’, Universidad de Guadalajara. Each
sample consisted of afew drops of blood from
routine hospital blood samples. Information
regarding the mother’s health status, the drugs
administered during pregnancy, the administration
of folic acid supplements during the first three
months of pregnancy, the weeks of gestation and
newborn gender were obtained from the hospital
records. PN samples were grouped by maternal
pathology asfollows: one group wherethere were
no known pathologies, considered as without
pathology (WP, n=37); a group with vaginal
infection (V1, n=24); agroup with systemic arterial
hypertension (SAH, n=10); and a group with
diabetesmellitus (DM, n=7).

Sample preparation and MNE analysis. Two
smearswere made from the drops of PN blood on
clean coded dides. Thedideswereair-dried, fixed
in absolute ethanol for 10 min, stained with acridine
orange (25) and them examined using an Olympus
CX 31 fluorescence microscope. For each sample,
the number of MNE in 10,000 total erythrocytes
(TE), the number of micronucleated polychromatic
erythrocytes (MNPCE) in 1,000 polychromatic
erythrocytes (PCE), and the number of PCE in

1,000 TE was recorded.

Statistical analysis. Data are presented as the
mean * standard deviation. The results were
evaluated using the Statistical Program for Social
Sciences (SPSS v11.0) for Windows® medical
pack (SPSS, Chicago Ill) applying a U-Mann
Whitney test. A P-value of less than 0.05 was
considered significant.

RESULTS.

The overall frequenciesof MNE/10,000 TE,
MNPCE/1,000 PCE, and PCE/1,000 TEinthe 78
PN samples were 4.3+4.4, 1.0+1.5, and
34.2+26.5, respectively. No relationship was
observed between the weeks of gestation and the
frequency of MNE.

Therewere no significant differences detected
between male and female newbornsin terms of the
MNE and MNPCE frequencies, irrespective of the
maternal health status during pregnancy (P>0.05,
Table 1). In addition, the overall MNE and
MNPCE frequenciesin PN born to mothers who
had suffered pathological conditions during
pregnancy were higher than the frequenciesfor PN
born to the WP mothers (Table 2). Indeed,
increases were detected in both MNE and MNPCE
frequenciesfrom PN born to mothers affected by
VI, SAH, or DM during pregnancy (Table 2).
However, only theincreasein MNE for PN born

Tablel
Effect of PN gender on thefrequenciesof MNE,
MNPCE and PCE.
Females Males Significance
n=27 n=48

MNE/10,000 TE 3.8+38 4.7+4.8 NS
MNPCE/1,000PCE 1.0+1.3 11+16 NS
PCE/1,000 TE 39.0x27.1  299+245 NS

Data are expressed as mean + standard deviation. PN:
Premature newborns; NS: not significant; n: sample size.
MNE: Micronucleated erythrocytes; MNPCE:
Micronucleated polychromatic erythrocytes; PCE:
Polychromatic erythrocytes; TE: Total erythrocytes.
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Table 2
Effect of maternal VI, SAH, and DM during pregnancy on the frequencies of MNE, MNPCE
and PCE in PN.
Without pathology ~ With pathology VI SAH DM
n=37 n=41 n=24 n=10 n=7
MNE/10,000 TE 3.5t4.1 5.1+4.6 4.7+3.2 4.6+6.9 7.7+4.8
P<0.02 P<0.03 NS P<0.01
MNPCE/1,000 PCE 0.7t1.4 1.3£1.6 1.1+1.3 1.5+2.2 2.0+1.8
P<0.02 NS NS P<0.01
PCE/1,000 TE 34.4+27.7 34.0£25.8 31.8£27.3 20.8+149 60.4+11.2
NS NS NS P<0.01

Dataare expressed as mean + standard deviation. VI: Vaginal infection; SAH: Systemic arterial hypertension;
DM: Diabetes mellitus; MNE: Micronucleated erythrocytes; MNPCE: Micronucleated polychromatic
erythrocytes; PCE: Polychromatic erythrocytes; TE: Total erythrocytes; PN: Preterm newborns; NS: not
significant; n: sample size. All comparisons were made against group without pathologies.

to motherswho had VI or DM were statistically
significant (P<0.03). Interestingly, no significant
differenceswere observed in MNE frequenciesin
PN born to mothers who took folic acid
supplements during pregnancy (P>0.05, Table 3).

DI SCUSSION.

The presence of MNE in PN peripheral blood
can be used to eval uate the teratogeni ¢ potential of
drugs administered during pregnancy and the effect
of maternal pathology in PN aswas demonstrated
inan experimental model (26). Inapreviouswork,

Table3
Effect of maternal folic acid supplementation during
pregnancy on thefrequency of MNE, MNPCE and PCE

in PN.
With folicacid Without folic acid
n=12 n=66

MNE/10,000 TE 2.8+2.6 4.6+4.6

NS
MNPCE/1,000 PCE 0.7+1.0 1.1+1.6

NS
PCE/1,000 TE 43.9+36.0 32.4+24.4

NS

Dataare expressed as mean + standard deviation. NS: not
significant; n: sample size. MNE: Micronucleated
erythrocytes; MNPCE: Micronucleated polychromatic
erythrocytes; PCE: Polychromatic erythrocytes; TE: Total
erythrocytes; PN: Preterm newborns.
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the micronucleusfrequency inlymphocyte cultures
from human umbilical cord sampleswas shown to
possibly be useful to identify transplacental mutagens
(24). In the present study we evaluated the
possibility of using adirect method that does not
require cell culture and that can be performed on
PN, to assesthe effects of maternal pathological
conditions or the drugs taken during pregnancy on
the PN. We found that PN born to mothers with
DM had significantly higher frequenciesof MNE
than PN born to mothers who did not suffer any
pathology during pregnancy. These results agree
with those described by Levario-Carrillo et al.,
(2005), who showed that the number of
micronucleated lymphocytesincreased in newborns
from mothers with a complicated course of
pregnancy and that there was no significant
difference between genders. Among the pathol ogies
that were studied, DM was the one associated with
the highest number of MN. In thispathology, acause
effect relationship between the free radicals
produced and the incidence of embryonic
malformation isknown (17). Hence, theincreased
MNE frequency that we detected may be aresult
of theaccumulated DNA damage produced by the
freeradicals generated asaresult of DM.

Others pathologies like SAH increase the
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production of free radicals and, as a consequence,
they might increase MN frequency, as occursin
conditionsthat involve an inflammatory processes
(19,27). It is known that nitric oxide (NO) is
produced by theimmune system ininfectiousdiseases
(28) such as VI, and thiscould explain thesignificant
increase in the MNE frequency in PN born to
mothersdiagnosed with thiscondition.

Itishasbeen reported that low folatelevelscan
asogiveriseto anincreasein MNE frequencies(29).
Sincethe administration of afolic acid supplement
to pregnant mothersisthought to prevent cranial
neural tube defects (30-31), pregnant women who
receivefolic acid during pregnancy might also have
lower MNE frequencies. While the MNE and
MNPCE frequenciesin PN from mothersreceiving
folate supplements were reduced, this effect was
modest and the sample was not large enough to
demonstrate asignificant effect.

A significant effect on the MNE or MNPCE
frequencieswasdetected in PN born to motherswith
DM. Itispossiblethat increasing the samplesizefor
the other experimental groups considered might be
helpful in demonstrating arel ationship between the
specific pathology and MNE accumulation.
Furthermore, obtaining blood samples as soon as
possible after birth might aid in obtaining more
homogeneous MNE frequencies. Thisvariablewas
not controlled in the present study. The efficiency of
the spleen inremoving the MNE from circulation and
thekineticsof MNE persistence are parametersthat
arenot well defined in human PN. Nevertheless, the
results obtained here do suggest that theincreasein
the MNE frequency in PN might be related to
maternal pathologies during pregnancy which
produce anincreasein freeradical production.
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