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Abstract

We investigated the potential susceptibility to liver dysfunction induced 
by a therapeutic dose of acetaminophen in rats submitted to gestational 
and lactational protein malnutrition using an animal model. Wistar rats were 
submitted to gestational and lactational protein malnutrition (control, 25% 
casein, and protein malnutrition, 7% casein). On the 10th (P10) or on the 25th 
(P25) a therapeutic dose of acetaminophen (15 mg/Kg, i.p.) was administered 
and rats were decapitated 6 hours after acetaminophen administration. Albumin 
content, Aspartate Aminotransferase (AST) and Alanine Aminotransferase 
(ALT) activities were measured in plasma, as well as the Glutathione (GSH) 
levels and Glutathione S-Transferase (GST) activity in liver. In both age groups, 
the treatment with acetaminophen decreased albumin levels and increased 
ALT and AST activities in plasma. It was also observed decreased hepatic GSH 
levels and increased GST activity just at P10. An acute therapeutic dose of 
acetaminophen may induce a mild liver dysfunction in protein malnutrition.

Keywords: Protein malnutrition; Therapeutic dose of acetaminophen; 
Hepatotoxicity; Rats

of conjugation pathways and the consequent depletion of GSH 
can increase NAPQI levels [9]; NAPQI is able to bind to several 
hepatic proteins, and this binding is associated with development of 
centrilobular necrosis [10]. Moreover, administration of hepatotoxic 
doses of acetaminophen can reduce GSH levels in liver and kidney 
[11]. It is important to note that malnutrition per se induced a 
reduction in the GSH content [12,13]. 

Although the hepatotoxicity of several compounds may be 
associated with protein malnutrition condition, few studies have 
evaluated the potential toxicity of therapeutic doses of acetaminophen 
on malnutrition conditions [14]. Therefore, it is reasonable to examine 
the effect of administration of acetaminophen on hepatic function in 
animals submitted to protein malnutrition.

Considering that acetaminophen is widely used in children, 
including those in malnourished conditions, in the present study, the 
effect of acute administration of a therapeutic dose of acetaminophen 
on hepatic function in neonatal and young rats, respectively, at 10th 
and 25th postnatal days, submitted to pre- and postnatal protein 
malnutrition. In order to investigate the liver function, different 
parameters commonly employed as markers for cell damage, namely 
Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT) 
and albumin content was quantified in plasma. Furthermore, the 
involvement of GSH levels and GST activity was studied.

Materials and Methods 
Animals

Wistar rats were maintained under standard conditions (12-h 
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S-Transferase; PMN: Protein Malnutrition; PBS: Phosphate 
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Introduction 
Acetaminophen, also known as paracetamol, is widely used as 

analgesic and antipyretic medication in the world and is considered 
to be safe at therapeutic dosages. It is widely accepted that an overdose 
of acetaminophen can induce severe liver damage in humans and 
in experimental animals; it is important to note that hepatic injury 
induced by therapeutic dose has been reported [1,2], however 
there are few studies in order to identify potential triggers for this 
condition. There are several evidences suggesting that hepatotoxicity 
of compounds might be related to protein malnutrition condition, 
for example, Kwashiorkor seems to be associated with exposure to 
aflatoxins [3,4]. 

Protein malnutrition can affect the pathways of acetaminophen 
metabolism [5-7]. Acetaminophen is metabolized by different 
pathways such as sulfation, glucuronidation, and some isoforms of 
hepatic microsomal cytochrome P450s, such as CYP1A2 and CYP3A. 
The P450 system can generate the reactive metabolite, N-Acetyl-P-
Benzoquinone Imine (NAPQI), which is subsequently detoxified 
through conjugation with Glutathione (GSH) by Glutathione 
S-Transferase (GST) [8]. However, at higher doses, saturation 
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light/ 12- h dark, temperature 22 ± 2˚C); food and water were given 
ad libitum. The experimental protocol was developed according to 
the guidelines of the Committee on Care and Use of Experimental 
Animal Resources, School of Veterinary Medicine and Animal 
Science of the Universidade de São Paulo, Brazil, and was approved 
by local research ethical committee.

Diets
The animals had free access to isocaloric diets (Table 1) containing 

25% or 7% protein (casein), salts, and vitamins, as recommended by 
the Association of Official Analytical Chemists [15] and previously 
described by our group [16,17]. 

Malnutrition model
Prenatal and lactational malnutrition was induced by restricting 

the protein content of the diet mothers to 7% (control group: 25% 
protein) during the entire gestation and lactational periods, which 
results in a decrease in the global amount of nutrients accessible to 
pups. Malnutrition up to 21 and 25 days was induced by maintaining 
the same 7% protein diet. Both diets were isocaloric and were given ad 
libitum. The litter size was adjusted to eight pups per mother on the 
first postpartum day and animals were maintained at 22°C on a 12h 
light/12h dark cycle until experimental age. The mean weights were 
higher in the nourished group at P10 and P25 (respectively, 19.8 ± SD 
1.7 and 78.0 ± SD 7.4) compared to protein malnutrition group (12.2 
± SD 1.7 and 22.6 ± SD 1.0).

Acetaminophen treatment
Animals of both gender were weighed on the 10th (P10) or 

25th (P25) postnatal days. Acetaminophen (Paracetamol, N-(4-
hydroxyphenyl) acetamide, CAS 103-90-2) at therapeutic dose 
(15mg/kg) was administered intraperitoneally [14]. The control 
group received physiological solution. The rats were distributed in 
four experimental groups (seven to eight per group): Normal Protein 
Diet and Saline (NS); Normal Protein Diet and Acetaminophen (NA); 
Protein Malnutrition and Saline (PMN S), Protein Malnutrition and 
Acetaminophen (PMN A). 

Preparation of samples
The animals were decapitated 6 hours after acetaminophen 

administration and trunk blood was collected [14]. The blood was 
centrifuged at 4000 xg for 10 minutes. Plasma was separated and 
used for determination of concentration of total protein, albumin 
and the activity of Aspartate Aminotransferase (AST) and Alanine 
Aminotransferase (ALT). Livers were removed immediately and 
immediately placed in liquid nitrogen.

Determination of plasma enzyme activities
The activities of AST and ALT in the blood plasma were measured 

by commercial kits (BioDiagnóstica - Laborclin, Paraná, Brazil).

Determination of plasma albumin levels
The plasma albumin content was measured by commercial kits 

(Labtest Diagnóstica S.A., Minas Gerais, Brazil). 

Measurement of liver total GSH 
Total glutathione content was determined by a slightly modified 

assay to that described previously Allen et al, 2001) [18] and first 
described by Tietze (1969) [19]. Briefly, livers were homogenized in 
Phosphate Buffered Saline (PBS) (0.01 M, pH 7.6), edetic acid (6.3 
mmol, pH 7.5) and Triton-X (0.05%). Aliquots were taken for protein 
assay (triplicate). Sulfosalicylic acid (1%) was added and the mixture 
was allowed to precipitate for 2 h at 4°C. After centrifugation at 4000g 
for 15 min, protein-free supernatant was obtained. For glutathione 
determination, 25 µl of supernatant was assayed in a total volume 

Figure 1(A,B): Effects of acute acetaminophen treatment on plasma activities 
of Alanine Aminotransferase (ALT, panel A) and Aspartate Aminotransferase 
(AST, panel B) in rats exposed to pre and post-natal PMN and in nourished 
controls at P10, and P25. Normal Protein Diet and Saline-Treated (NS); 
Normal Protein Diet and Acetaminophen-Treated (NA); PMN and Saline-
Treated (PMN S), PMN and Acetaminophen-Treated (PMN A).
Columns represent means ±SD (seven to eight rats); Two-way ANOVA 
(P<0.05),*, values significantly different from those of NS, NA and PMN S 
groups, & value significantly different from PMN A group.

Figure 2: Effects of acute acetaminophen treatment on plasma albumin 
content in rats exposed to pre and post-natal PMN and in nourished controls 
at P10 and P25. Normal Protein Diet and Saline-Treated (NS); Normal 
Protein Diet and Acetaminophen-Treated (NA); PMN and Saline-Treated 
(PMN S), PMN and Acetaminophen-Treated (PMN A).
Columns represent means ±SD (seven to eight experiments); Two-way 
ANOVA (P<0.05); *, values significantly different to those of NS, NA and PMN 
S groups; #, values significantly different from those of NS and NA groups.
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of 200 µl phosphate buffer containing 462.6 µM 5,5´-Dithiobis-(2-
Nitrobenzoic Acid) (DTNB), 0.5 U/ml glutathione reductase, and 0.3 
mM NADPH. The reduction in DTNB was followed at 412 nm and 
25°C, in relation to a calibration curve. 

Determination of liver GST activity
The activity of GST was measured using 1-chloro-2,4-

dinitrobenzene as a substrate [20,21]. Incubation mixtures contained 
homogenized liver, 1 mM 1-chloro-2,4-dinitrobenzene, 1 mM 
reduced GSH and 0.1 M potassium phosphate buffer, pH 6.5. GST 
activity was determined at 340 nm.

Statistical analysis
The data were analyzed using one and two-way ANOVA, 

considered factors were the nutrition status and acetaminophen 
treatment. Post hoc comparisons were made using Duncan’s test. 
A value of P <0.05 was considered to be significant. All data are 
presented as mean (± SD). The body weight was analyzed by Student’s 
t-test.

Results 
The severity of the protein malnutrition model was confirmed by 

the decrease body weight on the 10th and 25th postnatal days (Student’s 
t-test, P <0.0001). Figure 1 presents the plasma transaminase levels, 
ALT (Figure 1A) and AST (Figure 1B) activities, quantified in order 

to assess the liver injury. In both ages, the plasma ALT and AST 
levels did not differ between Nourished (N) and Protein Malnutrition 
(PMN) groups that received saline (NS and PMNS) and the nourished 
group that received acetaminophen (NA). 

The acute treatment with acetaminophen significantly increased 
the ALT activity in PMN rats at P10 and P25 (Figure 1A; p=0.0031, 
p=0.0002, respectively). Two-way ANOVA showed a significant 
interaction between malnutrition and acetaminophen treatment on 
plasma ALT activity in both ages (Figure 1A; p = 0.04 and p = 0.003). 

AST activity was increased PMN rats treated with acetaminophen 
at P10 (Figure 1B; p <0.0001); the two-way ANOVA also revealed 
a significant interaction between malnutrition and acetaminophen 
treatment factors at P10 (p=0.045). On P25, acetaminophen 
significantly increased the AST activity in PMN rats comparing 
to nourished group (p=0.043); although two-way ANOVA did 
not indicate a significant interaction between malnutrition and 
acetaminophen treatment. 

The treatment with acetaminophen significantly reduced the 
plasma albumin content in PMN rats at P10 (Figure 2; p=0.0006). 
Two-way ANOVA showed a significant interaction between 
malnutrition and acetaminophen treatment on plasma albumin 
(p=0.0019). On P25, the albumin level was significantly lower in 
plasma PMN than in the plasma of nourished rats (p <0.0001). 

The liver GSH concentration and GST activity are presented in 
Figure 3. The GSH was significantly decreased in liver PMN rats at 
P10 (Figure 3A; p=0.0001). The acetaminophen administration did 
not alter the GSH content. No changes in GSH concentration were 
observed at P25. Saline PMN rats demonstrated a significant increase 
in hepatic GST activity at P10 (Figure 3B; p=0.0264). On day P25, 
GST activity did not significantly differ among groups.

Discussion 
Our results demonstrated that an acute acetaminophen 

administration associated to gestational and lactational protein 
malnutrition induced a mild liver dysfunction in neonatal and 

Figure 3(A,B): Effects of acute acetaminophen treatment on hepatic 
glutathione levels (GSH, panel 3A) and glutathione transferase activity (GST, 
panel 3B) in rats exposed to pre and post-natal PMN and in controls at P10 
and P25. Normal Protein Diet and Saline-Treated (NS); Normal Protein 
Diet and Acetaminophen-Treated (NA); PMN and Saline-Treated (PMNS), 
PMN and Acetaminophen-Treated (PMN A). Columns represent means 
±SD (seven to eight experiments); Two-way ANOVA (P<0.05); *, values 
significantly different from those of NS, NA and PMN S groups; #, values 
significantly different from those of NS and NA groups.

 25% protein diet g/kg 7% protein diet

Casein (87% protein)a 287 80.5

L-Methionine 1.5 1.5

Fat (soybean oil) 150 150

Carbohydrate (corn starch) 501.5 708

Salt mixb 40 40

Vitamin mixc 10 10

Non-nutritive fiber 10 10

Table 1: Nutritional composition of the diets.

*Salt and vitamin compositions are according to Horwitz W., 1980. Energy for 
both diets was 4.3 kcal/g of diet.
aCasein, purity 87% (from Farmaquímica, Porto Alegre, Brazil), supplemented 
with 0.15% l-methionine (from Merck, Rio de Janeiro, Brazil).
bMineral mixture (from Roche, São Paulo, Brazil; mg/100 g of ration): NaCl, 557; 
KCl, 3.2; KH2PO4, 1556; MgSO4, 229; CaCO3, 1526; FeSO4 · 7H2O, 108; MnSO4 
· H2O, 16; ZnSO4 · 7H2O, 2.2; CuSO4 · 5H2O, 1.9; CaCl2 · 6H2O, 0.09.
cVitamin mixture (from Roche, São Paulo, Brazil; mg/100 g of ration): vitamin A, 4; 
vitamin D, 0.5; vitamin E, 10; menadione, 0.5; choline, 200; P-Aminobenzoic Acid 
(PABA), 10; inositol, 10; niacin, 4; pantothenic acid, 4; riboflavin, 0.8; thiamin, 0.5; 
pyridoxine, 0.5; folic acid, 0.2; biotin, 0.04; vitamin B12, 0.003.
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young rats. Interestingly, it is important to note that acetaminophen 
treatment at the therapeutic dose did not affect any parameters 
studied in the nourished group. 

Circulating transaminases have been considered as sensitive 
indicators of liver damage [22]. Injury to the hepatocytes alters their 
transport function and membrane permeability, leading to leakage of 
enzymes from the cells; this leakage causes increases in serum ALT 
and AST levels [23]. Undoubtedly, treatment with acetaminophen 
changed plasma ALT and AST in the PMN group. There was a 
significant interaction between PMN condition and acetaminophen 
administration on liver function. These results are in agreement with 
the hypothesis that protein malnutrition is an important risk factor 
and contributes to hepatotoxicity of therapeutic acetaminophen 
doses. These data have clinical relevance, since acetaminophen is used 
in children and pregnant women, including those in malnourished 
conditions. A similar effect of susceptibility to hepatotoxicity was 
observed using undernourished male rats at 18 weeks of age [14].

At P10, in saline-treated PMN rats, plasma albumin levels were 
similar to those of nourished groups; however, hypoalbuminemia 
(about 15%) was induced in the acetaminophen PMN group. Our 
results are in accordance with those postulated by Fuhrman et 
al (2004) [24], that the impact of protein malnutrition on serum 
albumin is neither immediate nor dramatic. In contrast to the reports 
of other authors suggesting that total plasma protein levels and 
serum albumin are inadequate indicators of malnutrition effects in 
drug metabolism studies [25], we observed a significant interaction 
of the PMN condition and the therapeutic dose of acetaminophen 
on the plasma albumin levels at P10 in rats. The reduction in plasma 
albumin content can be related to a decline in the synthesis of 
aminoacid precursors of albumin [26]. It is important to comment 
that previously acetaminophen reduced the serum albumin, globulin 
and total protein levels, which were attributed to histological damage, 
such as decreased hepatocytes for protein synthesis due to apoptosis 
and necrosis [27,28]. 

Reductions in the GSH content at P10 induced by malnutrition 
are in agreement with those findings obtained by Cho and colleagues 
[29] and Li and colleagues [13]. Furthermore, recently, we found 
that the brain glutathione content was significantly lower in PMN 
rats than in controls at P2 [17]. GSH is involved in a wide range 
of metabolic functions, including maintenance of protein sulfydryl 
status and detoxification of electrophilic xenobiotics, as well as an 
antioxidant function. Lower hepatic GSH levels in PMN group could 
indicate increased NAPQI levels that bind to hepatic protein targets, 
associated to centrilobular necrosis [10]. Conversely, the observed 
increased in plasma transaminase activities in the acetaminophen-
treated PMN group might not be associated with GSH levels, since 
we did not observe any changes on GSH levels at P25. At this age, we 
did not found any changes on GSH levels in acetaminophen-treated 
groups. This result suggests a lack of involvement of alterations on 
GSH content and the hepatotoxicity indexes, assessed by plasma 
transaminase activities. Previous studies may support this finding, 
since acute fasting increases acetaminophen-induced hepatic 
necrosis in male hamsters, even in the presence of increased hepatic 
levels of GSH [30]; besides Redegeld and colleagues demonstrated 
that the depletion of glutathione per se did not redue the cell viability 

in hepatocytes, however its depletion associated with reduced ATP 
levels can induce cytotoxic [31]. 

Interestingly, the generation of the glucuronide and sulfate 
conjugates may be altered by protein malnutrition. Protein 
malnutrition can reduce the sulfate levels [5]; in accordance Jung [32] 
demonstrated that protein malnutrition decreases the acetaminophen 
sulfate levels. The depletion of sulfate during PMN might be involved 
with maintenance of cysteine metabolism for GSH synthesis, as well 
as to the fact that the transamination pathway is altered, since the 
catalysis of cysteine sulfinate is performed by AST, yielding pyruvate 
and sulfate [33]. Subsequently, we can suggest that the level of sulfate 
might be lowered in treated PMN rats, given that there were an 
increase on plasma AST levels and probably a decrease on AST levels 
in hepatocyte, reducing the transamination of cysteine sulfinate to 
pyruvate and sulfate. PMN affects levels of two isoforms of hepatic 
microsomal cytochrome P450s, the CYP1A2 and CYP3A proteins, 
responsible for the metabolism of acetaminophen [7]. Besides, the 
acetaminophen glucuronide concentrations are altered in protein-
deficient rats [33]. 

Interestingly, PMN rats demonstrated a significant increase in 
hepatic GST; this altered enzyme activity may be a compensatory 
mechanism that responds to altered GSH content. These findings 
are in agreement with previous studies where PMN increased rat 
liver GST activity [34,35]. Ramdath and Golden [36] observed that 
severe malnutrition results in the induction of GSTs in erythrocytes 
in malnourished children (malnourished; marasmic; kwashiorkor; 
marasmic-kwashiorkor) and suggested that the induction of 
erythrocyte GST may result in oxidative stress. 

We concluded that protein malnutrition may produce biochemical 
changes, leading to a susceptibility to liver dysfunction induced 
by acetaminophen in neonatal and young rats. This vulnerability 
was demonstrated by alterations on plasma transaminase activities 
and albumin content in malnourished rats that received an acute 
therapeutic dose of acetaminophen. Further studies are necessary to 
determine the exact role of malnutrition on acetaminophen toxicity, 
however this study reinforce the idea that additional caution is 
needed in children submitted to gestational and postnatal protein 
malnutrition.
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