21
Experimental Researches

Long-term acetaminophen (paracetamol) treatment
causes liver and kidney ultra-structural changes
during rat pregnancy

J. Andalaft Neto', M.D., Ph.D.; R.M. Oliveira-Filho? Ph.D.; M.J. Simoes®, Ph.D.;
J.M. Soares Jr.’, M.D., Ph.D.; L. Kulay Jr.’ M.D., Ph.D.

'UNISA (Santo Amaro University), Medical School, Department of Obstetrics; Sdo Paulo;
’Department of Pharmacology, Institute of Biomedical Sciences, Universidade de Sao Paulo;
*Universidade Federal de Sao Paulo, School of Medicine, Sdo Paulo (Brazil)

Summary

Acetaminophen (paracetamol) is an analgesic-antipyretic drug virtually devoid of typical anti-inflammatory activity and hence free
of some of the side-effects of aspirin and related agents (e.g. gastric erosion and bleeding complications). The worldwide use of parac-
etamol as a household analgesic, including during pregnancy, prompted us to investigate its potentially deleterious effects in that setting.
Pregnant rats were treated with paracetamol (150, 500 or 1,500 mg/kg, once a day by gavage) from the first day up to term pregnancy.
In the group treated with the lowest doses, no histological changes were noticed in maternal and fetal livers or kidneys when examined
under light or electron microscopy. With the higher doses, however, various dose-dependent effects of paracetamol were observed,
namely necrotic areas of the liver seen with light microscope and further confirmed by electron microscopy. The kidneys revealed
degeneration and necrotic foci under light microscopy with ultrastructural derangements. Electronmicrographs of the liver revealed
hepatocytes bearing translucent bodies as a consequence of a dilated smooth endoplasmic reticulum. There were signs of necrosis both
in the hepatocytes (lysis of mitochondria and presence of lipid droplets) and renal tissue (mitochondrial cytolysis in convoluted tubules).

Our data point out the fact that both maternal and fetal tissues can be adversely affected by paracetamol.
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Introduction

Acetaminophen (paracetamol) shares with acetylsali-
cylic acid, dipyrone and nonsteroidal anti-inflammatory
agents, efficacy for similar problems such as pain of mus-
culoskeletal origin, fever, and mild to moderate headache.
The main reason for prescribing acetominophen to preg-
nant women is probably to obtain effective analgesia with
minimal erosive effects on the gastric mucosa. However,
the potential effects of its hepatotoxicity during preg-
nancy remain unknown.

Though the clinical effects of acetaminophen are
subject to the “ceiling effect” (i.e., doses above the usual
ones do not show proportionally higher therapeutic
effects), laymen frequently take more than the needed
doses in an attempt to achieve pain control. This fact is a
matter of concern since ingestion over 10-15 g/day may
lead to hepatic injury [1, 2]. The most serious adverse
effect of acute overdosage of acetaminophen is a dose-
dependent, potentially fatal hepatic necrosis [3]; renal
tubular necrosis and hypoglycemic coma also may occur.
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In addition, acetaminophen is now the second leading
cause of toxic drug ingestions in the United States [4].

Due to its relative safety and efficacy, acetaminophen
is one of the most largely used analgesic-antipyretic
drugs during pregnancy [5, 6]. The abuse of this drug is
presumably due to the over-the-counter availability and
the marketing publicity, which has at times failed to take
into account some less obvious, but yet potentially
severe, side-effects [7, 8]. The concern relates to the
ability of acetaminophen to cross the placenta and hence
to potentially act on the fetus at every phase of its devel-
opment [9, 10].

The relative overall general safety of acetaminophen in
adults is overshadowed by the possible subtle but poten-
tially pervasive effects during pregnancy. Some studies
involving over 10,000 observations during pregnancy did
not detect drug-induced dysmorphosis [11, 12]. However,
a few reports reveal conflicting data, either confirming its
safety [13-15] or showing severe side-effects of this drug
associated to dysmorphosis and hepatotoxycity [16-18].

Because the liver and kidneys are the main target
organs of acetaminophen toxicity, we examined the
effects of this drug during the entire period of pregnancy
in the rat.
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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 for 12 h. Pregnancy was deter-
mined by the finding of spermatozoa in the vagina according to
Hamilton and Wolfe [19]. Forty pregnant rats were then ran-
domly divided into four groups and treated from the Ist up to
the 20th day of gestation as follows: C, control group, treated
with dis-tilled water (acetaminophen vehicle); A125, AS00 and
A1500, groups of pregnant rats treated respectively with 125,
500 or 1,500 mg acetaminophen/kg. Drugs and drug vehicle

Figure 1. — Electronmicrograph showing part of a hepatocyte
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were given once a day in a final volume of 1 ml. This study was
approved by the Institutional Committee of Ethics on Animal
Care and Use of the Federal University of Sdo Paulo, Brazil.

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

a term-pregnant rat that had been treated with 500 mg/kg of aceta-

9]

minophen during the entire period of pregnancy (group A500). The nucleus (N) is irregularly shaped, contains euchromatin and is
heterochromatic in some regions. The cytoplasm is somewhat disorganized, bearing a retracted rough endoplasmic reticulum (*). It
is apparent that a great number of lipid droplets are present (L). Many mitochondria (m) appear faded (X 42,500).

Figure 2. — Electronmicrograph showing part of a glomerulus of a pregnant rat in group A1500. There is a thickened basal mem-
brane containing disorganized podocytes in the glomerulus (BM) (X 42,500).

Figure 3. — Electronmicrographic aspect of a fetal hepatocyte from a rat in group A500. Erythrocytes (h) can be seen surrounding
the hepatocyte. The nucleus (N), bearing a nucleolus (n), appears predominantly euchromatic. Several mitochondria with few cristae,
most of them crystallized (mc), are seen; many translucent areas (*) are also apparent (X 42,500).

Figure 4 — Electronmicrographic aspect of a fetal proximal convoluted tubule from the A500 group showing several cells with
euchromatic nuclei (N) and a few crystallized mitochondrial cristae (*) (X 42,500).
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Results

The animals treated with daily doses of 125 mg/kg
during the entire pregnancy (group A125) did not show
hepatic or renal morphological alterations. However,
pregnant rats of the AS00 and A1500 groups showed
necrotic areas in the liver on light microscopy examina-
tion, further confirmed by electron microscopy (translu-
cent cytoplasmic areas, lipid droplets, mitochondrial
crystolysis and irregular nuclei) (Figure 1). Similarly, in
the kidneys we observed degeneration and necrotic foci
under light microscopy, with ultrastructural derange-
ments (thickened basal membrane containing disorga-
nized podocytes in the glomeruli, and electrondense
bodies with mitochondrial crystolysis in the convoluted
tubules) (Figure 2). All these alterations were somewhat
dose-dependent, as they appeared to be more frequent
and severe in the A1500 than in the A500 group.

Acetaminophen crosses the placental barrier and can
interfere with rat pregnancy. In fact, the drug was demon-
strated to cause reductions of the number and the weights
of litters and placentae, and a 3-7 times higher incidence
of reabsorptions than those seen in control animals [21].
Thus, the livers and kidneys of term concepts were also
examined. Electronmicrographs of livers revealed hepa-
tocytes bearing translucent bodies as a consequence of a
dilated smooth endoplasmic reticulum. There were signs
of necrosis, both in the hepatocytes (lysis of mitochon-
dria and presence of lipid droplets; Figure 3) and in the
renal tissue (mitochondrial cytolysis in convoluted
tubules; Figure 4). The lesions were more evident and
abundant in the concepts from groups treated with the
higher doses of acetaminophen (A500 and A1500).

Discussion

The binding of acetaminophen to plasma proteins is
variable; at therapeutic doses approximately 10-30% of
the drug is bound, and hence it is widely distributed in
most body fluids. Elimination is predominantly renal,
after hepatic conjugation with glucuronic acid (ca. 60%),
sulfuric acid (ca. 30%) or cysteine (ca. 3%), in addition
to small amounts of hy-droxylated and deacetylated
metabolites [22]. A small proportion of acetaminophen is
N-hydroxylated by CYP2E and CYP3A to form N-
acetyl-benzoquinoneimine [23], a toxic in-termediate
which reacts with sulphydryl groups in glutathione and is
finally excreted as mercapturic acid into the urine [24,
25]. Acetaminophen metabolism occurs in the endo-plas-
matic reticulum and the hepatic toxic damage may be
related to this organelle in ex-cess of P450 activity [26].
This idea is supported by our electronmicrographic
results which showed signs of hepatic damage with
smooth endoplasmatic reticulum changes.

Acetaminophen is well tolerated with doses below the
toxic threshold (i.e., below 150 mg/kg in humans). In fact,
the animals treated with daily doses of 125 mg/kg during
the entire pregnancy (A125 group) did not show hepatic or
renal morphological alterations. However, acute hepato-

toxicity (using 250 mg/kg or more) may ensue, essentially
because the toxic intermediate N-acetyl-benzo-
quinoneimine is formed in amounts sufficient to deplete
hepatic glutathione. This leads to an increased susceptibil-
ity of hepatocytes to oxidant injury and damage of cell
macromolecules, causing dysfunction of enzymatic
systems [22]. Hepatocyte necrosis may follow the intra-
cellular accumulation of Ca*, activation of Ca*—dependent
endonucleases and DNA fragmentation [27, 28].

In conclusion, both maternal and fetal tissues can be
affected by acetaminophen at the ultrastructural level in
this rat model. Our results suggest that acetaminophen
in high doses for long-term use may be dangerous
during pregnancy.
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