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Summary 
Alcohol abuse during pregnancy is a well-known factor in fetal 
morbidity, including smaller fetal size. We have shown that 
chronic hypoxia, considered the main pathogenetic factor in 
intrauterine growth restriction, elevates fetoplacental vascular 
resistance (and vasoconstrictor reactivity) and thus, presumably, 
reduces placental blood flow. We thus hypothesized that alcohol 
may affect the fetus – in addition to other mechanisms – by 
altering fetoplacental vascular resistance and/or reactivity. Using 
isolated, double-perfused rat placenta model, we found that 
maternal alcohol intake in the last third of gestation doubled the 
vasoconstrictor responses to angiotensin II but did not affect 
resting vascular resistance. Reactivity to acute hypoxic challenges 
was unchanged. Chronic maternal alcohol intake in a rat model 
alters fetoplacental vasculature reactivity; nevertheless, these 
changes do not appear as serious as other detrimental effects of 
alcohol on the fetus. 
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Introduction 
 

Chronic alcohol intake by the mother during 
pregnancy is all too well known to seriously harm the 
fetus. While the worst aspect of this problem is the 
ethanol-induced damage to the developing brain, the 

impairment of fetal growth is also a well established 
feature of fetal alcohol syndrome (Carter et al. 2007, Day 
et al. 1990, Gundogan et al. 2008). The reduced body 
size persists long beyond neonatal age (Day et al. 1994), 
and is also associated with increased incidence of  
a number of health problems in adulthood, including 
cardiovascular diseases, obesity, metabolic syndrome and 
type II diabetes (Briana et al. 2009, Demicheva et al. 
2014, Ross et al. 2008, Simmons et al. 2001). Therefore, 
understanding the mechanisms of intrauterine growth 
restriction (IUGR) in children of alcohol-abusing mothers 
seems important for possible mitigation of life-long 
consequences for these children. 

Alcohol can affect fetal growth through its 
oxidant properties (Bondy 1992). Inasmuch as alcohol is 
a well-known vasoactive agent, it is possible that it might 
influence fetoplacental blood flow. Reductions in this 
parameter are recognized as causative in IUGR (Browne 
et al. 2015, Hampl et al. 2009, Krishna et al. 2011). 
Diminished blood flow through the placenta reduces 
nutrient and oxygen supply to the fetus and thus reduces 
its growth (Fowden et al. 2006, Reynolds et al. 2006). 

We have shown that another external influence 
known to induce IUGR, chronic hypoxia, increases 
fetoplacental vascular resistance and vasoconstrictor 
reactivity (Jakoubek et al. 2008). Since both maternal 
hypoxia and alcohol drinking induce IUGR, we 
hypothesized that maternal alcohol intake has similar 
effects on the fetoplacental vasculature as chronic 
hypoxia, i.e. increased resistance and reactivity that could 
provide a plausible mechanism for the development of 
IUGR. To test this hypothesis, we measured fetoplacental 
vascular resistance and vasoconstrictor responses in rats 
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given ethanol in the last third of gravidity. 

Methodologically, the study used the isolated, 
doubly perfused rat placenta model (Jakoubek et al. 
2008). All procedures conformed to the European Union 
regulations for experimental animal care and were 
approved by the ethical committee of our institution. 
Pregnant Wistar rats (Biotest, Konárovice, Czech 
Republic, n=7) were given 5 % ethanol in their drinking 
water (Wilcoxon et al. 2003) during days 14-20 of 
gestation (term=21 days). The average consumption of 
this solution was 306±29 ml/d. The control group (no 
alcohol, n=8) was the same as in the study published 
earlier (Jakoubek et al. 2008). Both studies were 
performed at the same time (May 2006). 

One day before the expected date of delivery, the 
isolated, dually perfused placenta was prepared under 
thiopental anesthesia (50 mg/kg i.p.) as previously 
described (Jakoubek et al. 2008) and perfused at 
1 ml/min with Krebs solution (37 °C) (all chemicals were 
from Sigma, Prague, Czech Republic) equilibrated with 
an air + 5 % CO2 mixture. One placenta was used from 
each dam. After ≥15 min of stabilization, three increasing 
doses of angiotensin II (0.1, 0.15, and 0.2 μg) were 
injected into the fetal arterial cannula at 10-min intervals. 
Acute hypoxic vasoconstriction was then elicited by 
switching the bubbling of the perfusate to a 5 % CO2 + 
95 % N2 mixture for 10-15 min. The same acute hypoxic 
challenge was repeated after a 15-min normoxic interval. 

The data were evaluated statistically using 
StatView 5.0.1 software (SAS Institute, Cary, NC, USA) 
and are presented as means ± SEM. Reactivity data were 
compared between groups using repeated-measures 
ANOVA. An unpaired t-test was used for simple 
comparisons between the groups (maternal body weight, 
etc.). Differences were regarded as significant at P<0.05. 

Our results show a statistically non-significant 
tendency for alcohol drinking dams to be lighter than 
controls (365±15 vs. 431±30 g, P=0.063). The same was 
true for the weight of the fetuses (3.6±0.4 vs. 4.0±0.3 g, 
P=0.46) and placentae (0.51±0.05 vs. 0.60±0.05 g, 
P=0.25). Consequently, there were no significant 
differences between the groups in the ratio of placenta 
weight relative to maternal weight (0.14±0.02 vs. 
0.14±0.01 %) and in the fetal to maternal weight ratio 
(0.98±0.08 vs. 0.96±0.10 %). Only the placenta used for 
perfusion and its fetus were weighed from each dam. 
There was no difference in litter size between the groups 
(11.0±0.4 vs. 11.4±0.4). 

After initiation of artificial perfusion, there was 

no difference between the baseline fetoplacental 
perfusion pressures of the control and alcohol-exposed 
groups (34.2±1.9 vs. 32.0±1.8 mm Hg, P=0.42). After 
each vasoconstrictor challenge (with angiotensin II or 
acute hypoxia), the fetoplacental perfusion pressure 
returned to almost the same level as was before the 
challenge. There were no significant differences in this 
behavior between the groups. Consequently, the baseline 
fetoplacental pressure did not differ between the groups 
throughout the experiment (Fig. 1). 
 
 

 
 
Fig. 1. Baseline perfusion pressure in the isolated rat placenta is 
not affected by chronic maternal alcohol intake. Mean values 
(± SEM) before individual angiotensin (Ang) II injections and 
hypoxic challenges are shown. n=8 in the control group and 7 in 
the alcohol group. 
 
 

Injections of angiotensin II boluses elicited rapid 
(within seconds), sharp peaks in perfusion pressure that 
quickly returned to the base-line level. The magnitudes of 
the peaks were significantly higher in the alcohol-
exposed placentae than in controls (Fig. 2A) and were not 
dose-dependent in the selected range of doses. By 
contrast, acute hypoxic challenges elicited relatively slow 
(within minutes) increases of perfusion pressure to  
a plateau that remained stable for the duration of the 
challenge and then returned close to baseline. The heights 
of the plateaus of the responses to acute hypoxia did not 
differ between the two groups (Fig. 2B). The magnitude 
of the vasoconstrictor response to hypoxic stimuli did not 
change with repetition, and this was so for both groups. 
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Fig. 2. Fetoplacental vasoconstrictor 
responses to angiotensin II (Ang II; 
A), but not acute hypoxia (B) are 
markedly augmented by chronic 
maternal alcohol intake. Hypoxia 1 
and Hypoxia 2 in panel B represent 
two repetitions of an identical hypoxic 
stimulus. Data are means ± SEM. n=8 
in the control group and 7 in the 
alcohol group. * P<0.05 Controls vs. 
Alcohol, † P<0.01 Controls vs. Alcohol. 
 

 
 

 

The main findings of our study are that in rats, 
maternal alcohol intake in the last third of pregnancy does 
not alter baseline fetoplacental vascular resistance, but 
does increase fetoplacental vasoconstrictor responses to 
some (angiotensin II), but not all (acute hypoxia) 
vasoconstrictor stimuli. Contrary to our hypothesis, the 
normal baseline fetoplacental vascular resistance after 
chronic alcohol intake suggests that alteration of 
fetoplacental vessels is not a major contributor to IUGR 
in offspring of alcohol-abusing dams. Nevertheless, the 
increased vasoconstrictor responses to at least some 
stimuli suggest that under conditions of hormonal 
perturbation (such as renin-angiotensin axis activation) 
reduced fetoplacental perfusion might contribute to 
IUGR. 

It is intriguing that the responses to angio-
tensin II were increased in the placentae of dams with 
elevated alcohol consumption. Maternal plasma 
angiotensin II levels are markedly increased in 
pregnancy, especially in its later phases (Anton et al. 
2008). There is ample evidence of an association between 
angiotensin II, alcohol abuse and its effects in the 
organism. Alcohol consumption appears controlled by 
angiotensin II (Maul et al. 2005, Maul et al. 2001). At 
least some of the adverse effects of alcohol abuse are 
mediated by angiotensin II and its receptors (Cheng et al. 
2006, Tan et al. 2012, Uesugi et al. 2004). Our data 
suggest that the adverse effect of maternal alcohol abuse 
on fetal size might, to some extent, also be mediated by 
angiotensin II. This possibility might be worthy of future 
exploration, as angiotensin II activity is relatively easily 
manageable by pharmacological tools, thereby offering  
a chance to positively influence this contributor to fetal 
alcohol syndrome. 

Although in clinical practice alcohol abuse is 
likely to be a problem for most of the duration of the 
pregnancy, we chose to study the effects of alcohol intake 
only in the last third of gravidity [roughly corresponding 

to the last trimester in humans (De Rijk et al. 2002)]. At 
that time, the placenta is mostly mature. Therefore, the 
study does not investigate the effects on alcohol on 
placental development, but rather on its function once 
developed. When alcohol is consumed throughout the 
whole gravidity, it is likely that the effects observed by us 
will be combined with other effects related to altered 
placental development in the earlier stages of pregnancy 
(Coll et al. 2017, Gundogan et al. 2010). 

In humans, serious fetal alcohol syndrome 
appears related to chronic drinking of about 4 standard 
drinks per day or more (Briggs et al. 2011). For our rats, 
the only source of fluid was 5 % ethanol solution. Since 
beer typically contains about 5 % alcohol, our study 
roughly models the situation of people whose only fluid 
intake comes from beer. That represents serious 
alcoholism. In this sense, the dose of alcohol in our study 
should be sufficient to model a clinically relevant 
situation in humans. In fact, this dose (even though 
administered over a longer duration) has been shown 
previously to have significant effects in pregnant rats 
(Wilcoxon et al. 2003). Thus, this dose perhaps might be 
clinically more relevant than higher doses often used in 
animal studies (e.g. Coll et al. 2017, Perez et al. 2006). 

Maternal alcohol consumption leads to oxidative 
stress and consequently to DNA damage and lipid 
peroxidation in the placenta (Coll et al. 2017, Gundogan 
et al. 2010). All these effects could be expected to 
influence fetoplacental vascular function. However, the 
present study provides no information about the roles of 
oxidative stress and its consequences. 

Another limitation of this study is the lack of 
dose dependency of the angiotensin II responses in the 
range of doses that we used. A likely interpretation is that 
at these doses we had already reached maximum 
response. This is rather surprising, because the doses 
were chosen based on our previous finding that the 
highest of these doses causes only a moderate  
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fetoplacental vasoconstriction (Hampl et al. 2002). In any 
case, because of this limitation we do not know whether 
chronic alcohol intake is associated with changes in 
sensitivity to angiotensin II. The maximum response, 
however, is clearly increased. 

An interesting question for further research is 
whether the effects of maternal intake (or their absence) 
are related to the "sex of the placenta" (i.e. of its fetus). 
Our study was not designed to address this issue, but the 

evidence is mounting that there is sexual dimorphism in 
the structure and function of the placenta (reviewed e.g. 
by Clifton 2010, Rosenfeld 2015). Since gender 
differences in fetal sensitivity to harmful stimuli have 
been described (Rosenfeld 2015), it is possible that 
alcohol consumption altered the proportion of females to 
males among our placentae, and this could have 
contributed to the results that we observed. 
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