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Summary

The worldwide use of acetylsalicylic acid (ASA) as an analgesic-antipyretic drug, including during pregnancy, prompted us to inves-
tigate its potentially deleterious effects in that condition. Pregnant rats were treated with ASA (1, 10 or 100 mg/kg once a day) from
the first day up to term pregnancy. No histological changes were noticed in maternal and fetal livers or kidneys when examined under
light microscopy, but some definite dose-dependent effects of ASA were observed on electron microscopy examination. In livers and
kidneys of pregnant rats treated with the highest doses of ASA we observed cytoplasmic derangement, mitochondrial cristolysis and
abnormally shaped rough endoplasmic reticulum. Similarly, in foetal livers and kidneys from this group we observed degenerative cyto-
plasmic vacuoles and ballooned mitochondria with cristae derangement and myelin figures. Our data point out the fact that both mater-
nal and foetal tissues can be importantly affected by ASA at the ultrastructural level, without overt signs of toxicity.
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Introduction

Acetylsalicylic acid (ASA) shares with acetaminophen,
dipyrone and nonsteroidal antiinflamatory agents, effi-
cacy for similar problems such as pain of musculoskele-
tal origin, fever, and mild to moderate headache. Since it
is effective for such common complaints, and is available
without prescription, ASA usage is widespread among
pregnant women. Even though this drug has by far
proven to be effective and relatively safe, its side-eftects
are still a matter of concern for the obstetrician. Besides
common effects such as allergic-like symptoms in
susceptible individuals, ASA can cause prolonged gesta-
tion and complicated deliveries [1] as well as antepartum
and postpartum hemorrhages [2]. It can cross the placenta
[3], thus causing deleterious effects on the neonate [4],
although there is some dispute in this regard [5].

Morphological and functional alterations as those
found in Reye’s syndrome have been reported in human
liver after high doses of ASA [6, 7]; severe alterations
were also observed in the kidney [8-10].

Rat pregnancy is also affected by ASA. Rat embryos
exposed in utero to ASA showed increased incidence of
reabsorptions, malformations — especially of the skeleton
and the central nervous system —, low weight and intrau-
terine deaths, besides low placental weights [11-13].

The consumption of 1% ASA in rat food was reported
to cause hepatocyte alterations, including reduction of the
rough and increase of the smooth endoplasmic reticulum,
besides structural modifications of peroxysomes [14].
Similarly, the kidneys showed both ultrastructural [15]
and functional [16] alterations.

Due to the over-the-counter availability and high con-
sumption of ASA, in addition to the well-defined poten-
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tial for deleterious effects of ASA on liver and kidney, we
studied the effects of this drug administered in three dose
levels during the entire period of rat pregnancy.

Materials and Methods

Female adult virgin, EPM-1 Wistar rats weighing about 200 g,
under routine laboratory care, were mated in the proportion of two
females for every male over 12 hr. Pregnancy was determined by
the finding of spermatozoa in the vagina according to Hamilton
and Wolfe [17]. Forty pregnant rats were then randomly divided
into four groups and treated from the first up to the 20th day of
gestation as follows: C, control group, treated with a 2% solution
of carboxymethylcellulose in distilled water (ASA vehicle); Al,
treated with ASA | mg/kg; A10, treated with ASA 10 mg/kg, and
A100, treated with ASA 100 mg/kg. Drugs and drug vehicle were
given once a day in a final volume of 1 ml.

At term (20th day) the animals were sacrificed by deep ether
anesthesia. Maternal and fetal liver and kidney samples were
taken upon laparotomy. Part of the material was immersed in
Bouin’s solution for further haematoxylin-eosin staining and
light microscopy study. The remaining samples were immersed
in a 2% glutaraldehyde solution and processed for electron
transmission microscopy examination. An EM-900 model Zeiss
electron microscope at 80 kV was used [see 18].

Results and discussion

Aspirin during gestation may be used for its antiplate-
let activity in the management of hypertension induced
by pregnancy [19, 20], but the matter of greater concern
is its widespread and over-the-counter use as an analge-
sic and antipyretic agent [4].

Microscopic observations at both light and electronic
levels showed that rat foetal or maternal livers and con-
voluted proximal tubules were not altered by ASA treat-
ment in groups Al and A10. This result may reflect, at
least in part, the behaviour of the compartmental distri-
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bution of ASA as an inverse function of its serum levels
[21]. In fact, with the lowest dose employed herein (1
mg/kg) the peak serum concentration would be ca. 62
png/ml, about 92.5% of which was bound to plasma pro-
teins. With the 10 mg/kg dose the peak concentration
would rise to 620 pg/ml, and the corresponding binding
would fall to something around 63%. In both situations
the amount of free drug available to tissue distribution
might still be small enough in order to be non toxic in our
experimental model.

However, when the highest dose is considered, not only
would the amount of free drug be large enough to reach
toxic levels, but also its plasma half-life would be
markedly prolonged. In fact, in our A100 rats treated with
an antiinflammatory dose of ASA [6], light microscopy
revealed only minor structural changes, but at electron
microscopy examination there were noticeable altera-
tions. The hepatocytes showed irregular nuclei, most of
them with euchromatin but several being heterochroma-
tic; the rough endoplasmic reticulum (rER) was retracted
and at a time dispersed, forming clusters in the cyto-
plasm. Lipid droplets could also be observed surrounding
these clusters; mitochondria were somewhat faded
(Figure 1). These morphological alterations could well be
an expression of the metabolic actions of ASA, since
uncoupling of oxidative phosphorylation has been shown
in isolated liver mitochondria from rats treated with ASA
(150 mg/kg) for seven days [22].

In the renal compartment, convoluted proximal tubules
from A100 rats revealed highly disorganized lysosomes;
a great number of rER and mitochondria were seen, most
of them showing cristolysis (Figure 2).

With high ASA doses, elimination follows saturation
kinetics, and small increases in the above doses that
evoke first-order kinetics can result in disproportionate
increases in plasma levels of salicylate [4, 23]. Even
though during pregnancy there are increments of volem-

Figure 1. — Electronmicrography showing part of a hepatocyte
of a term pregnant rat that had been treated with 100 mg/kg of
acetylsalicylic acid during the entire period of pregnancy (group
A100). The nucleus (N) is irregular containing euchromatin
with some heterochromatic regions. The cytoplasm is somewhat
disorganized with a retracted rough endoplasmic reticulum (*).
A great number of lipid droplets are apparent (1). Many mito-
chondria (m) appear faded. (X 42,500).

Figure 2. — Electronmicrography showing part of the proximal
convoluted tubule of a pregnant rat of group A100 (see legend
to Fig. 1). The lumen is filled with microvillocytes (mv). The
arrow points to a cell-connecting desmosome. The lysosomes (1)
appear in various sizes and densities. There are many mito-
chondria, most with cristolysis (mc). (X 42,500).

Figure 3. — Electronmicrographic aspect of a foetal hepatocyte
from a rat in group A100. Erythrocytes (h) can be seen between
contiguous hepatocyte cell membranes. The nucleus (N),
bearing two nucleoli (n), appears predominantly euchromatic.
Lysosomes (1) and a great number of mitochondria with few
cristae, most of them cristolysed (mc), can be seen. The rough
endoplasmic reticulum is retracted and clustered (*); many
translucent areas () are also apparent. (X 42,500).

Figure 4. — Electronmicrographic aspect of an A100-group
foetal proximal convoluted tubule showing two cells bound by
desmosomes (arrows). The nucleus (N) is mostly euchromatic.
Mitochondria can be seen with few and cristolysed cristae (mc),
bearing figures of myelin (¥*). (X 42,500).
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nia [24] and of the concentration of serum albumin [25],
the amount of free salicylate would still be far too high
to be counteracted.

Aspirin-induced nephrotoxicity is usually a result of its
action on renal functions dependent on vasodilator prosta-
glandin biosynthesis. Also, by reducing prostacyclin (PGI,)
production, ASA can indirectly depress renin and aldoste-
rone secretion, thus predisposing to hyperkalaemia [4].

Taken together, these facts can partially explain the
ultrastructural effects observed on maternal livers and
kidneys with high ASA doses.

ASA can cross the placental barrier [3]; foetal ASA
levels are about 30% of maternal plasma levels, but its
potent metabolite salicylic acid can reach as much as
90% [26]. Despite this, foetuses from Al and A10 groups
did not show hepatic or renal alterations.

Light microscopic pictures of foetuses from the A100
group were essentially normal, but at the ultrastructural
level several alterations were seen. Hepatocyte cytoplasm
was rich in mitochondria, most of them undergoing cri-
stolysis, and a retracted, clustered rER surrounded by
translucent areas (Figure 3). These areas could corre-
spond to a dilated smooth endoplasmic reticulum (SER).
Since this organella bears cytochrome P-450, glucuronyl-
transferase, epoxyde-hydrolase and lipid-synthesizing
enzymes [27], its dilated aspect in our material suggests
a reduction in its metabolizing capacity. This triad (sER
dilatation, mitochondrial cristolysis and retracted rER)
demonstrates cell lesions similar to those found in
aspirin-related Reye’s syndrome intoxication [28].

Foetal kidneys of the A100 group revealed irregularly
shaped lysosomes, raised concentration of mitochondria
with cristolysis and myelin figures (Figure 4). It is likely
that these alterations were consequent to the ASA-
induced reduction of prostaglandin synthesis, which cul-
minates in haemodynamic disturbances [29].

Our observations point out that the consumption of
ASA in antiinflammatory dosages during rat pregnancy
can be hazardous for mothers and foetuses at both the
hepatic and renal levels, without overt signs of toxicity.
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