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This study was aimed to investigate the effect of Silymarin (SLM) on the hypertension state and the liver function changes induced
by acetaminophen (APAP) in spontaneously hypertensive rat (SHR). Animals normotensive (N) or hypertensive (SHR) were treated
or not with APAP (3 g/kg, oral) or previously treated with SLM. Twelve hours after APAP administration, plasmatic levels of liver
functionmarkers: alanine aminotransferase (ALT), aspartate aminotransferase (AST), glucose (GLU), gamma glutamyl transferase
(𝛾-GT), and alkaline phosphatase (ALP) of all groups, were determined. Liver injurywas assessed using histological studies. Samples
of their livers were then used to determine the myeloperoxidase (MPO) activity and nitric oxide (NO) production and were also
sectioned for histological analysis. No differences were observed for ALT, 𝛾-GT, and GLU levels between SHR and normotensive
rats groups. However, AST and ALP levels were increased in hypertensive animals. APAP treatment promoted an increase in ALT
and AST in both SHR and N. However, only for SHR, 𝛾-GT levels were increased. The inflammatory response evaluated by MPO
activity and NO production showed that SHR was more susceptible to APAP effect, by increasing leucocyte infiltration. Silymarin
treatment (Legalon) restored the hepatocyte functional and histopathological alterations induced by APAP in normotensive and
hypertensive animals.

1. Introduction

A growing number of patients require several drugs to
treat multiple chronic disorders. The prescription of multiple
drugs is related to increase risk of adverse drug-related
events, among these, hepatic injury. The liver is of vital
importance in intermediary metabolism and is continu-
ously exposed to xenobiotics, environmental pollutants, and
chemotherapeutic agents, since it is involved in detoxification
and elimination of toxic substances [1]. Hepatic damage is
associated with altered metabolic functions and it is still a
severe health problem, since conventional drugs used in the
treatment of liver diseases have serious adverse effects [2].

Cardiovascular diseases such as arterial hypertension
(AH) promote functional and structural changes in blood
vessels and myocardium, which lead to left ventricular
hypertrophy, myocardial infarction, cerebral vascular acci-
dent, renal disease, and complications of vital organs [2–4].
Furthermore, AH promotes changes in blood flow and can
influence the blood perfusion of different organs, such as
kidneys, lungs, and liver. Thus, hypertensive patients could
develop severe hepatic damage and several experimental
hepatotoxicity models are used to investigate new pharmaco-
logic treatment. However, there are few studies investigating
the new strategic therapeutic in hypertensive animals with
hepatotoxicity.
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APAP is widely used as analgesic-antipyretic drug and
is considered remarkably safe drug when used at usual
therapeutic doses. APAP toxicity is due to the formation
of toxic metabolites when a part of it is metabolized by
cytochrome P450 [5]. It is metabolized by sulfation and
glucuronidation of the parahydroxyl group. APAP hepa-
totoxicity is caused by its reactive metabolite N-acetyl-p-
benzoquinone imine (NAPQI), which causes oxidative stress
and glutathione (GSH) depletion, a prerequisite for APAP-
induced hepatotoxicity [6, 7]. In overdoses, it is a potent
hepatotoxin, producing fulminant hepatic and renal tubular
necrosis, which can be lethal in human and animal. Several
studies about protection against hepatotoxicity have been
investigated to ameliorate the livers disorders treatment.
Many formulations containing herbal extracts are used for
regeneration of hepatic cells and for protection of the liver
against damage [8]. Silymarin (SLM) is a lipophilic extract
isolated from the seeds and fruits of Silybum marianum,
a herbaceous plant belonging to the family Compositae
and native to a narrow area of the Mediterranean. SLM is
composed of several flavonolignans isomers (65–80%) with
small amounts of flavonoids and fatty acids (20–35%) and
other polyphenolic compounds [9–11]. The main isolated
and structural active component of SLM is silybin, com-
prising about 33% of total SLM weight, and is clinically
used [12, 13] as hepatoprotector to treat liver injuries [14].
Besides, other biological activities for SLM, such as hep-
atoprotective/hepatic regenerator, immunomodulator, anti-
inflammatory, antioxidant, and antifibrotic activities were
described [11, 13, 15].There is evidence that SLM is effective in
hepatic disease induced by different drugs [14, 16]. Currently,
SLM is used as a reference drug in the screening of new drugs
hepatoprotective [11, 17, 18]. This study aimed to investigate
the effect of Silymarin on changes in the liver function
after APAP administration in SHR, because cardiovascular
diseases (including AH) which promote structural and func-
tional changes in blood vessels and myocardium [19] may
interfere in the blood perfusion of different organs, such as
kidney, lungs, heart, and also liver.

2. Materials and Methods

2.1. Animals. Normotensive Wistar male rats (N, diastolic =
95 ± 2mmHg, systolic = 124 ± 5mmHg) and SHR (sponta-
neously hypertensive rat, diastolic = 191 ± 2mmHg, systolic
= 231 ± 1mmHg) [20], aged 14–16 weeks, weighing 250–
330 g were provided by the Central Animal House of the State
University of Maringá. The animals were housed at 23 ± 2∘C
under a 12/12 h light/dark cycle water and ration (Nuvilab)
ad libitum. Prior the experiments, the animals were during
overnight 12 h before APAP administration, water provided
ad libitum. The experimental protocols were approved by the
Ethical Committee in Animal Experimentation of the State
University of Maringá (144/2012 CEAE/UEM).

2.2. Hepatotoxicity Induced by APAP and Treatment of Ani-
mals with Silymarin (SLM). The animals were divided into
6 experimental groups of 12 animals each. The N and SHR

received orally vehicle (saline containing 2% Tween 80),
APAP (3 g/kg) [21] or APAP + SLM (200mg/kg), before
APAP-induced hepatotoxicity as described [22].

2.3. Determination of Serum AST, ALT, GLU, 𝛾-GT, and ALP
Levels. After 12 hours of hepatotoxicity induced by APAP,
all rats were anesthetized with halothane 3% and blood
was collected from inferior vena cava for determination of
plasmatic ALT (alanine aminotransferase), AST (aspartate
aminotransferase), GLU (glucose), 𝛾-GT (gamma glutamyl
transferase), and ALP (alkaline phosphatase) using the Ana-
lyze Gold Kits.

2.4. Determination of MPO (Myeloperoxidase) Activity. The
MPO enzyme activity was measured in the supernatant of
homogenate of liver tissue sections. Briefly, the liver sections
were put in phosphate buffered saline (PBS) in a Potter
homogenizer and the homogenate was stirred in a vortex
and centrifuged. Ten microliters of the supernatant was
added to each well in triplicate in a 96-well microplate. The
PBS solution (200𝜇L) that contained 4.21mg o-dianisidine
dihydrochloride (Sigma), 22.5mL double-distilled water,
2.5mL potassium phosphate buffer (pH = 6), and 10 𝜇L
of 1% H

2
O
2
was added. The enzyme reaction was stopped

by 30 𝜇L the addition of sodium acetate (2.23 g in 20mL
of double-distilled water). Enzyme activity was determined
by the absorbance measured at 450 nm using a microplate
spectrophotometer (Asys Expert Plus).

2.5. Determination of NO (Nitric Oxide) Production. The
NO production was determined by the Griess method in
the supernatant of liver tissue sections, which determines
the nitrite production [23]. Two hundred microliters of the
supernatant was added to each well in triplicate in a 96-
well microplate. Sequentially, solution (50 𝜇L) was added
to Griess (1 g sulfanilamide in 2.5mL phosphoric acid and
0.1 g dihydrochloride of N-(1-naphtyl)ethylenediamine milli-
Q water) at room temperature. The reading was taken using
an ELISA plate reader at a wavelength of 550 nm. ON
production was calculated from a standard curve of sodium
nitrite. The results were expressed as 𝜇M.

2.6. Liver Index and Histopathological Analysis. The livers
of rats were collected and inspected macroscopically. The
liver index was calculated as liver weight divided by body
weight. The largest right lobe of each liver was excised and
fixed in a 10% formalin solution for histopathologic analyses
of all animals. Subsequently, the livers were dehydrated in
increasing concentrations of alcohol (80–100%, v/v) and
embedded in paraffin blocks which were sectioned in 6 𝜇m
thickness on a Leica RotaryMicrotome (Leica Microsystems,
Gladesville, NSW, Australia).The organ sections were stained
with hematoxylin/eosin (H&E) for evaluation of tissue mor-
phology using light microscopy. The changes in tissue mor-
phology were assessed for nuclear variations, cytoplasmic
eosinophilia, swelling, and vacuolation in both periportal and
central areas. Percentage of hepatic lesion area was estimated
as [inflammatory area/total area] × 100 [24].
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Table 1

Treatment Body weight
(g)

Liver weight
(g)

Liver index
(%)

N 309 ± 11 11.63 ± 0.42 3.4 ± 0.04
SHR 267 ± 9# 11.10 ± 0.15 3.8 ± 0.04
N + APAP 321 ± 6 11.39 ± 0.33 3.7 ± 0.1∗

SHR + APAP 248 ± 10## 10.12 ± 0.36 4.4 ± 0.1∗∗

N + SLM + APAP 317 ± 8 11.02 ± 0.37 3.5 ± 0.07∗

SHR + SLM + APAP 233 ± 4### 8.89 ± 0.34 3.4 ± 0.1∗∗

Body weight (g), liver weight (g), and liver index (%) in all groups of
rats 12 hours after APAP administration (3 g/kg) and pretreated with SLM
(200mg/kg). Media ± SEM, 𝑛 = 12 por grupo. ∗𝑃 < 0.05 N + APAP versus
N, ∗𝑃 < 0.01 N + SLM + APAP versus N + APAP, ∗∗𝑃 < 0.05 SHR + APAP
versus SHR, ∗∗𝑃 < 0.05 SHR + SLM+APAP versus SHR +APAP, #𝑃 < 0.05
N versus SHR, ##𝑃 < 0.05 N + APAP versus SHR + APAP, and ###

𝑃 < 0.05

N + SLM + APAP versus SHR + SLM + APAP.

2.7. Statistical Analysis. Data were expressed as the mean
± SEM for each group. Results were statistically analyzed
by using one-way variance analysis (ANOVA) followed by
Tukey’s test. Differences were considered significant when
𝑃 < 0.05. Statistical analyseswere performedusingGraphPad
Prism (Version 5.0 GraphPad Software, Inc.). Results are
expressed and represented in separate experiments.

3. Results

The SLM effects on liver weight in rats with APAP-induced
hepatotoxicity are presented in Table 1. Significant differences
in the liver weight were observed after hepatotoxicity induced
by APAP or pretreatment with the SLM, in both groups. The
liver index was increased after APAP treatment but restored
to normal values after SLM pretreatment (Table 1).

The effects of SLM on plasmatic ALT, AST, ALP, 𝛾-GT,
and GLU were investigated after APAP treated rats and were
represented in Figure 1. Data did not show a significant
difference in plasmatic ALT levels between N and SHR
animals. However, a significant increase (72% and 71%, resp.)
in ALT levels after APAP treatment, in both groups, was
verified, whereas SLM treatment was restored (64% and 58%)
to normal levels (Figure 1(a)).

Data showed a significant difference in plasmatic AST
levels between N and SHR animals. However, a significant
increase (61% and 54%, respectively) in AST levels after
APAP treatment in both groups, which was restored by SLM
(40% and 42%) (Figure 1(b)). In the samemanner, significant
difference in ALP levels were observed when compared
SHR and N groups. However thus altered levels after SLM
treatment (Figure 1(c)).

The levels of 𝛾-GT (Figure 1(d)) were increased in SHR +
APAP treatment (55%)when compared to that of SHR, which
was restored by SLM treatment (61%). Therefore, significant
differences were not found for APAP treatment and SLM
pretreatment in both groups to GLU levels (Figure 1(e)).

The effects of SLM on MPO activity and NO production
in liver tissues were investigated after APAP treated rats
and were represented in Figure 2. The MPO activity in

SLM pretreated rats was significantly decreased in N (64%)
and SHR (57%), when compared with that of APAP group
(increased of 69% in N and 65% in SHR) (Figure 2(a)).

In Figure 2(b) the N and SHR animals group treated with
an overdose of APAP developed significant hepatic damage,
which was observed by a substantial increase in the NO
production. Administration of SLM after APAP treatment
resulted in a significant reduction (43% inN and 46% in SHR)
in NO production in APAP groups (49% and 54%, resp.) and
appears to be protective in reducing the injurious effect of
APAP.

The livers of untreated SHR and N groups did not
show any histopathological alteration (Figures 3(a) and 3(b)),
whereas the treatment with APAP showed severe injury char-
acterized by features typical of inflammatory hepatic tissues,
including the presence ofmoderate infiltration of neutrophils
and inflammation, characteristics of hepatic damage as indi-
cated by biochemical and enzymatic assays (Figures 3(c)
and 3(d)). After SLM treatment, by hystopatological analysis
it was demonstrated that no pathological hallmark were
observed after induced by APAP treatment (Figures 3(e) and
3(f)).

Liver histopathology also revealed an increased inflam-
matory area in APAP normotensive and hypertensive rats
(Figures 3(c) and 3(d): 37.7% and 48.9%, resp.) at 12 h
comparedwith rats that received orallyAPAPvehicle (Figures
3(a) and 3(b)). Morphometric analysis of hepatic lesions at
12 h indicated a reduction in the inflammatory area percent-
age in N and SHR rats pretreated with SLM (Figures 3(e)
and 3(f): 31.7% and 36.7%, resp.) when compared with APAP
treatment.

4. Discussion and Conclusion

Chronic patients often are treated with multiple drugs.
During hypertensive state many structural and functional
alterations occur, such as: increase in the blood flux, organs
perfusion and ROS release related to oxidative stress burst.
Thus, it is plausible to assume that hypertensive state could
enhance the hepatic damage and other injuries in various
organs.

The liver is involved in detoxification and elimination
of drugs and a liver injury could affect pharmacokinetics
parameters of drugs and increase the risk of adverse drug
effects.

Liver injuries induced by APAP is commonly used as
a model for the screening of hepatoprotective activities of
drugs, where free radicals and oxidative processes play an
important role in hepatotoxicity [8].

A decrease in total serum protein after APAP treatment
could be associated with the decrease in the number of
hepatocytes, which in turn may result in the decreased
hepatic capacity to synthesize protein and, consequently,
decrease liver weight [25, 26]. Our results showed that livers
weight of hypertensive and normotensive rats did not differ.
However, changes are observed in the liver index that was
increased after APAP treatment but restored to normal values
after SLM pretreatment.
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Figure 1: Serum parameters of rats of all groups untreated, treated with APAP (3 g/kg, orally), and pretreated with SLM (200mg/kg) of ALT
(a), AST (b), ALP (c), 𝛾-GT (d), and GLU (e) were determined 12 h after APAP intoxication. Results represent mean ± SEM of 12 rats per
group. ∗𝑃 < 0.05 N + APAP versus N, ∗∗𝑃 < 0.01 N + SLM + APAP versus N + APAP, ∗𝑃 < 0.05 SHR + APAP versus SHR, ∗∗𝑃 < 0.05 SHR
+ SLM + APAP versus SHR + APAP, #𝑃 < 0.05 N versus SHR, and ##

𝑃 < 0.05 N + APAP versus SHR + APAP.
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Figure 2: Serum parameters of rats of all groups untreated, treated with APAP (3 g/kg, orally), and pretreated with SLM (200mg/kg) of
MPO activity (a) and NO production (b) were determined 12 h after APAP intoxication. Results represent mean ± SEM of 12 rats per group.
∗

𝑃 < 0.05 N + APAP versus N, ∗∗𝑃 < 0.05 N + SLM + APAP versus N + APAP, ∗𝑃 < 0.05 SHR + APAP versus SHR, and ∗∗𝑃 < 0.05 SHR +
SLM + APAP versus SHR + APAP.

Hepatotoxic drugs, such as APAP, are known to cause
marked elevation in serum level of enzymes, such as ALT,
AST, ALP, and bilirubin, indicating significant hepatocellular
injury [27]. When there is hepatopathy, these enzymes leak
into the blood stream in conformity with the extent of
liver injury [28, 29]. Our data showed that the liver activity
functional is altered, sinceALT,AST, 𝛾-GT, andALP levels are
increased in SHR, but not for glucose levels [30]. Generally,
there is a raised activity of serum transaminases in intoxicated
rats [31], as observed in the present study. However, ALT
and AST levels were increased but this is enough to be
attributed to the damaged structural integrity of the liver
because transaminases are cytoplasmic enzymes in nature
and are released into the circulation after cellular damage
[32]. Interestingly, in our work, 𝛾-GT levels were increased
after APAP treatment, but not in normotensive animals. 𝛾-
GT is a common biomarker of liver injury and alcohol con-
sumption [33]. However, recent epidemiologic and clinical
studies have also found a close association between 𝛾-GT
level and the risk of cardiovascular disease, diabetes, and
metabolic syndrome, demonstrating an association between
hypertension and hepatic injury [19, 34, 35], as demonstrated
by our results.

Silymarin has hepatoprotective properties and is used
in treatment of various liver diseases [11]. Various studies
indicate that Silymarin exhibits strong antioxidant activity
[36] and shows protective effects against hepatic toxicity
induced by a wide variety of agents by inhibiting lipid
peroxidation [30, 37]. Higher total phenolic content has
been known to contribute to the antioxidant activity of
extracts [38], while antioxidant activity has also been linked
to the hepatoprotective effect of some extracts [38, 39]. These
findings corroborate with our results on the ability of SLM to
exert a hepatoprotective activity.

In this study, SLM treatment restore to normal values the
levels of ALT, AST in all animals treated with APAP, and also
in 𝛾-GT levels in SHR, which were altered only in this animal
group. The reduced concentrations of these enzymes as a
result of SLM administration might probably be, in part, due
to the presence of chemical constituents in the extract [17].
The plasmatic reduction of these marker enzymes, to return
to near normal values, would be owing to the antihepatotoxic
effect of SLM.

Histopathologic studies supported the evidence of bio-
chemical parameters analysed in this study. Histological
analyses of rat liver treated with APAP showed signifi-
cant hepatotoxicity, characterized by inflammatory hepatic
tissues, including the presence of moderate infiltration of
neutrophils. There was extensive infiltration of inflammatory
cells around the central vein and loss of cellular boundaries in
all groups, after hepatotoxicity induced by APAP [24]. High
activity ofMPO andNOproductionwas used to demonstrate
an acute inflammatory process as observed after the liver
injury induced by APAP. The inflammatory response evalu-
ated byMPO activity andNOproduction showed that SHR is
more susceptible to APAP effect, by increasing the leucocyte
infiltration. The NO production, a free radical present in the
inflammatory process, did not differ in SHR and N groups.
After treatment with APAP there was a significant increase in
NO production in both groups of animals. Pretreatment with
SLM decreased NO production, suggesting activities anti-
inflammatory and anti-free radicals properties of this drug.
SLM treatment reduced the severity of hepatic damage, when
compared to that observed after APAP treatment, decreasing
neutrophil infiltration in the hepatic tissue which further
indicated its significant hepatoprotective effect.

In light of our study, here we demonstrated an important
association between hypertension and hepatic damage. SLM
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Figure 3: Histopathology of livers 12 hours after APAP injection.The livers were collected 12 hours from all groups after APAP administration
(3 g/kg). Panels (a) and (b): N and SHR group that received only vehicle, respectively, (c) and (d): N and SHR group that received APAP,
respectively. (e) and (f): N and SHR group pretreated with standard drug (SLM, 200mg/kg per 7 days). Arrows indicate leukocyte infiltration.
Sections were stained with H&E (magnification, ×40).

was effective to protect the liver of damage induced by APAP.
The use of natural products as SLM to treated hepatotoxicity
could be important to patients receiving several medicines,
due to chronic diseases.
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[17] P. Cordero-Pérez, L. Torres-González, M. Aguirre-Garza et
al., “Hepatoprotective effect of commercial herbal extracts on
carbon tetrachloride-induced liver damage in Wistar rats,”
Pharmacognosy Research, vol. 5, no. 3, pp. 150–156, 2013.

[18] S. Raj and K. M. Gothandam, “Hepatoprotective effect of
polyphenols rich methanolic extract of Amorphophallus com-
mutatus var. wayanadensis against CCl

4

induced hepatic injury
in swiss albino mice,” Food and Chemical Toxicology, vol. 67, pp.
105–112, 2014.
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[23] T. Silvia Fröde Saleh, J. Batista Calixto, and Y. Santos Medeiros,
“Effects of anti-inflammatory drugs upon nitrate andmyeloper-
oxidase levels in the mouse pleurisy induced by carrageenan,”
Peptides, vol. 20, no. 8, pp. 949–956, 1999.

[24] R. Singhal, P. E. Ganey, and R. A. Roth, “Complement activation
in acetaminophen-induced liver injury in mice,” Journal of
Pharmacology and ExperimentalTherapeutics, vol. 341, no. 2, pp.
377–385, 2012.

[25] M. Bhadauria, “Dose-dependent hepatoprotective effect of
emodin against acetaminophen-induced acute damage in rats,”
Experimental and Toxicologic Pathology, vol. 62, no. 6, pp. 627–
635, 2010.

[26] A. A. Oyagbemi and A. A. Odetola, “Hepatoprotective effects of
ethanolic extract of Cnidoscolus aconitifolius on paracetamol-
induced hepatic damage in rats,” Pakistan Journal of Biological
Sciences, vol. 13, no. 4, pp. 164–169, 2010.

[27] T. J. Green, M. L. A. Sivilotti, C. Langmann et al., “When do the
aminotransferases rise after acute acetaminophen overdose,”
Clinical Toxicology, vol. 48, no. 8, pp. 787–792, 2010.

[28] S. S. Alkiyumi, M. A. Abdullah, A. S. Alrashdi, S. M. Salama,
S. I. Abdelwahab, and A. H. A. Hadi, “Ipomoea aquatica
extract shows protective action against thioacetamide-induced
hepatotoxicity,”Molecules, vol. 17, no. 5, pp. 6146–6155, 2012.

[29] L. N. Bell, R. Vuppalanchi, P. B. Watkins et al., “Serum
proteomic profiling in patients with drug-induced liver injury,”
Alimentary Pharmacology and Therapeutics, vol. 35, no. 5, pp.
600–612, 2012.

[30] D. Binda, L. Nicod, C. Viollon-Abadie et al., “Strain difference
(WKY, SPRD) in the hepatic antioxidant status in rat and effect
of hypertension (SHR, DOCA). Ex vivo and in vitro data,”
Molecular and Cellular Biochemistry, vol. 218, no. 1-2, pp. 139–
146, 2001.

[31] I. K. Dremza, V. T. Cheshchevik, S. V. Zabrodskaya et al.,
“Hepatotoxic efects of acetaminophen. Protective properties of



8 Evidence-Based Complementary and Alternative Medicine

tryptophan-derivatives,” Biomeditsinskaya Khimiya, vol. 56, no.
6, pp. 710–718, 2010.
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