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Expression of nitric oxide synthase isoforms and detection of
nitric oxide in term rat placenta and uterus
— Possible role of NO on placental functions —
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Abstract: Nitric oxide (NO) production in the rat placenta and uterus was monitored and quantified by electron
paramagnetic resonance (EPR) spectroscopy using an iron complex with N-(dithiocarboxy) sarcosine (Fe-
DTCS) as NO trapping reagent. The expression of nitric oxide synthase (NOS) isoforms was also examined by
quantitative reverse transcriptase-mediated polymerase chain reaction (RT-PCR) analysis. The EPR spectrum
of the placenta with Fe-DTCS trapping showed a triplet signal (g = 2.038) derived from an NO-Fe-DTCS
complex. The heights of NO-Fe-DTCS (a) and MnO (b) signal were simuitaneously measured to calculate the
ratio (a/b) of these signal heights as used for the quantification of the NO production level. The ratio of signal
heights of NO-Fe-DTCS and MnO did not vary significantly with gestational stage in the placenta and uterus
during the last few days of gestation. At the gestational stages examined, the level of NOS II (iNOS) mRNA
expression was significantly higher than of NOS I (eNOS) mRNA expression at a given stage in the placenta.
NOS II expression in term (day 21.5) placenta was significantly increased compared to that in preterm (day
19.5) placenta (p < 0.01, n =4 or 5). These results suggest that NOS Il is the predominant producer of NO in
the placenta and that NOS II -generated NO plays significant roles in the maintenance of placental functions
immediately before birth.
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Fig. 1 A: EPR spectrum of a standard sample of NO-Fe-DTCS complex in fresh blood. A representative spectrum
showing the triplet EPR signal (g = 2.038) is shown. The height of the NO-Fe-DTCS signal used for quantification of
the level of NO production is indicated. B: EPR spectrum with Fe-DTCS trapping of the placenta after
administration of L-NAME (100 mg/kg body wt) on day 21.5 of gestation. Fe-DTCS solution (500 mg/kg body wt as
DTCS) was subcutaneously administered to the rat 0.5h after the L-NAME treatment. The placenta was taken from
the anesthetized rat 0.5 h after administration of the Fe-DTCS solution. The placenta was transferred to an EPR
tube frozen in liquid nitrogen for EPR measurement. The EPR signal was identified as the g.. signal of the Cu-
dithiocarbamte complex (7). C: EPR spectrum of an NO-Fe-DTCS complex detected in the placenta on day 19.5 of
gestation. Fe-DTCS solution (500 mg/kg as DTCS) was subcutaneously administered 0.5 h before sampling. The
heights of NO-Fe-DTCS (a) and MnO (b) signal were simultaneously measured to calculate the ratio (a/b) of these
signal heights as used for the quantification of the NO production level. The NO-Fe-DTCS signal was
superimposed on the g_. signal of Cu-dithiocarbamte complex (7).
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Fig. 2 Time course of the ratio of the heights of the NO-Fe-DTCS and MnO signals in the placenta and uterus. EPR
spectra were recorded on days 19.5, 19.8, 21.5, and 21.8 of gestation. No significant differences were observed
among the spectra observed at these times; however, the signal of NO-Fe-DTCS in the placenta of untreated rats
was significantly higher than that in the placenta of rats pretreated with L-NAME (100 mg/kg; n=3-5, mean = SE).

Bars with different letters differ significantly.
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Fig. 3 Quantitative reverse transcriptase-mediated
polymerase chain reaction (RT-PCR) analysis of the
expression of NOS 11 (iNOS) and NOS Il (eNOS)
in the placenta. A: the relative expression level was
calculated as a percentage relative to the value of
the housekeeping gene glyceraldehyde-3-
monophosphate dehydrogenase (GAPDH)
expression. Data are expressed as the mean = SE
of 4 or 5 individual experiments. Bars with different
letters at the top differ significantly. B: a
representative separation by 1.5% agarose gel
electrophoresis of the RT-PCR products amplified
from total RNA extracted from rat placentas on days
19.5 and 21.5 of gestation. DNA size markers (M)
are shown in the extreme left and right lanes. The
expected product sizes were 950 bp for GAPDH,
912bp for NOS Il and 373 bp for NOS il
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