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Abstract

In this study we tried to see how (1:1 and 3:1) lingonberry extract act as protective agents of the myocardium
and blood pressure in toxicosis induced by paracetamol in rats. Experiments were made on white female Wistar
rats, weighing 135 ± 20 g which were divided into 6 groups of 7 animals each: control group (C); Paracetamol treated
group (P) - 75 mg acetaminophen/100 g bw for 10 days. 1:1 lingonberry hidroalcoholic treated group (Lha), (200
mg/100 g bw (80 µg benzoic acid/100 g bw) for 15 days. 3:1 lingonberry dried extract group (Ld), 100 mg/100
g bw (112 µg benzoic acid/100 g bw), for 15 days. P+Lha (PLha) and P + Ld (PLd) treated group. Blood pressure
increases following administration of paracetamol and decreases under treatment with lingonberry extract,
more obvious to 3: 1 lingonberry dried extract. Administration of Paracetamol, lingonberry extracts used simple
or in combination with Paracetamol does not affect the myocardium histological structure. Histoenzimological
there is a slight decrease of SDH activity in the groups P and PLd and an increase in Lha group. CyOx activity is
increased in Lha and Ld group. The dried lingonberry extract has no apparent action on the myocardium instead
has antihypertensive properties more obvious than the lingonberry alcoholic extract.
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INTRODUCTION

High blood pressure is a common problem with
high frequency around the world. Cardiovascular
risk factors, such as hypertension, arterial
stiffness, hypercholesterolemia, insulin resistance
and metabolic syndrome often coexist leading to
increased cardiovascular morbidity and health
problems (Krousel-Wood et al., 2004). On the other
hand Paracetamol is an analgesic which primarily
is hepatotoxic and not at least nephrotoxic. It is
sold in many forms, either alone or in combination
with other analgesia such as codeine or ibuprofen,
and as branded preparations for colds and flu,
migraine and menstrual discomfort. It is assumed

that paracetamol, like the non-steroidal antiinflammatory drugs (NSAIDs), acts through the
cyclo- oxygenase (COX) pathway, reducing the
production of biologically active prostanoids
(PGs), such as PGE2, which mediate inflammation
and pain. Osteoarthritis (OA) and hypertension
are common conditions, increasing in prevalence
with age and often co-existing in the same patient.
It was proved that both NSAIDs and selective
COX-2 inhibitors increase BP in hypertensive
and normotensive individuals, interfere with
antihypertensive treatment (Pope et al., 1993;
Johnston et al., 1994; Aw et al., 2005) and
increase the risk of serious cardiovascular events
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(Schjerning et al., 2011, Trelle et al., 2011). As a
result, intoxication with paracetamol can be used
as a model to study the induction of hypertension
in experimental animal models.
Natural products from plant are a rich source
used for centuries to cure various diseases. The
use of bioactive compounds from plants is growing
because it was found that allopathic synthetic drugs
cause side effects that often are more dangerous
than the disease. Instead, drugs derived from
plants are based on the premise that they contain
natural substances that can promote health and
improve disease (Kamboj, 2000; Ramchoun et
al., 2009; Sen et al., 2009). Thus, as alternative
treatment, polyphenols have been suggested to
have protective effects against cardiovascular
diseases (Stoclet et al., 2004). Berries are rich in
polyphenols. In Romania, among other berries we
also meet lingonberries. Lingonberry (Vaccinium
vitis-idaea L.) is a small, evergreen wild shrub,
with edible red berries. In Romanian flora, the
Ericacee are represented by 14 species of dwarf
shrubs and subshrubs, spread in the mountainous
area where it forms characteristic associations
(Anghel et al., 1965; Ghişa et al., 1970). The fruits
contain anthocyanins, giving the red color at
maturity of these fruits (Li et al. 2011). They also
contain proantocians, organic acids, flavonoids,
vitamins and mineral salts (Ciulei et al., 1993;
Istudor, 1998).
Aims: To emphasize how lingonberry
extracts (1:1 and 3:1) act as protective agents
of the myocardium and blood pressure against
paracetamol induced toxicosis in rats.

MATERIALS AND METHODS

Experiments were performed on white female
Wistar rats*, weighing 135 ± 20 g, divided into
6 groups of 7 animals each: control group (C);
Paracetamol intoxicated group, 75 mg/100 g
bw (P); lingonberry dry extract treated group
(Ld) (100 mg extract/100 g bw); lingonberry
hidroalcoholic extract treated group (Lha) (200
mg extract/100 g bw); P + Ld treated group (PLd)
and P + Lha treated group (PLha). Plant extracts
were administered by gavage, á jeun, for a period
of 15 days.
The lingonberry fruit extract was obtained
from fresh fruit harvested at Băişorii Mount
(Cluj county) at the end of August 2014 at the
UMF ”Iuliu Hațieganu” Cluj-Napoca. It was
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obtained 500 ml of a hydroalcoholic extract of
45° respectively an extract of 1: 1, which means
that 1 ml of extract corresponds to 1 g of fresh
fruit (content of benzoic acid was 40mg / 100g)
and the dried extract was obtained from the fluid
1:1 extract in an installation of fluid bed into the
Aeromatic-Strea-1 (Gea-Switzerland) apparatus,
by the adsorption of the fluid extract on a mixture
of microcrystalline cellulose-lactose (2:1), so that
1 g of the dry extract corresponds to 3 g of 1: 1
fluid extract (or 1 g of fresh fruits), that we finally
obtained a dry extract 3: 1 (content of benzoic
acid was 112mg/100g). Qualitative analysis of
the polyphenolic compounds of the lingonberry
extracts was done by thin-layer chromatography
(TLC), spectrofotometry and high performance
liquid chromatography (HPLC).
Blood pressure monitoring was performed
within 0-7-14 days (Vital functions monitor for
laboratory animals - CODA Non-Invasive Blood
Pressure System)
In the 16th day, animals were killed by
decapitation after previous anesthesia with
ketamine - xylazine cocktail (60:7.5 mg).
Myocardium was harvested for hisological and
histo-enzymological study with the usual methods
( Mureşan et al., 1974).
Animals were obtained from the biobasis
of „Iuliu Hatieganu” MPU, Cluj-Napoca and kept
under standardized zoohigienical conditions
according to the Law no.43/2014 on the protection
of animals used for scientific purposes and to the
2010/63/UE Directive with the approval of the
Ethics Committee from the Institute of Biological
Research, Cluj-Napoca, Romania.

RESULTS AND DISCUSSION

Besides the analgesic, anti-pyretic and antiinflammatory effects, acetaminophen known
as paracetamol may also interfere with the
blood pressure regulation. As noted by Curhan
et al. (2002) acetaminophen was significantly
associated with a high risk of hypertension. In
order to increase the blood pressure, analgesic
drugs, such as paracetamol can act through
different mechanisms starting with the alteration
of prostaglandins production, degreasing the
renal ions excresion and NO inhibition (Amin et
al., 1999).
At weekly intervals, we found that BP values 
tend to decrease in the treated groups with
Bulletin UASVM Veterinary Medicine 74 (1) / 2017
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Fig. 1. Blood pressure dynamics  (0, 7, 14 days)  in 6 experimental groups.

lingonberry extract including the one treated with
paracetamol and lingonberry extract. However,
there was a decrease of BP values in those receiving
dry lingonberry extract and dry lingonberry
extract combined with paracetamol.
In the paracetamol treated group is a slight
increase of BP compared to control group at
measurements 2 and 3 (Fig. 1).
Cardiovascular diseases as well as many
diseases involving vascular integrity, are growing
among the world population (Krousel-Wood et
al., 2004). The main treatments for hypertension
consist in  the administration of antihypertensive,
eg, diuretics, beta-blockers, angiotensin converting
enzyme inhibitors, type I angiotensin receptor
antagonists and calcium antagonists (Mancia et al.,
2007). Lately, it was suggested that polyphenols
have protective effects against cardiovascular
diseases (Stoclet et al., 2004).
Lingonberry is a forest fruit rich in
polyphenols and vitamines C and E (Sudano et al.,
2012). Polyphenols, particularly the flavonoids
inhibit the atherosclerosis development in animal
models.   Also, favonols improve the endothelial
function, reduce blood pressure and inhibit
platelet reactivity (Grassi et al., 2009, Heiss et al.,
2010).
In Kivimäki and coauthors` previous study
it is shown that lingonberry juice enhanced
endothelium-dependent vascular relaxation in
spontaneously hypertensive rats (SHR) (Kivimäki
Bulletin UASVM Veterinary Medicine 74 (1) / 2017

et al., 2011). It is suggested that blood pressure
– lowering effect of polyphenol-rich foods is
partly due to inhibition of angiotensin-converting
enzyme (ACE), which is a key regulator of blood
pressure (Actis-Goretta et al., 2006; Persson et al.,
2011). Vascular endothelium has an important role
in the regulation of blood pressure and vascular
function by controlling vascular tone. Endothelium
maintains the balance between vasoconstriction
and vasodilatation synthesizing and releasing
various relaxing factors, like nitric oxide (NO),
cyclo-oxygenase (COX) – derived prostanoids
and endothelium-derived hyperpolarizing factor
(EDHF) (Félétou and Vanhoutte, 2006; Vapaatalo
and Mervaala, 2001). In large arteries, NO is the
most important vasorelaxing factor (Shimokawa
and Tsutsui, 2010; Shimokawa et al., 1996).
Histologically, the myocardium is weakly
influenced by acetaminophen intoxication. Overall,
extracts administration seems to stimulate
myocardial mitochondrial activity (Lha > Ld), but
this should be deepened in order to elucidate the
mechanisms involved. It seems that lingonberry
extracts are devoided of action on the myocardium.
In the intoxicated groups with paracetamol
and then treated either with hydroalcoholic or
dried lingonberry extract there is emphasized
a functional-structural reactivity, depending on
the extract nature. Myocardium is normal both in
PLha and the PLd group, suggesting a beneficial
effect of these extracts on cardiac muscle fiber -
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Tab. 1. Semiquantitative histoenzimological evaluation of the kidney and
myocardium (after Barka international units system).
C
P
Lha
Ld
PLha
PLd

CyOx
3
2
4
3
3
3

MYOCARD

SDH
3
2,5
4
3
4
3

Note: (0-lack of enzyme activity, 1- weak reaction, 2-moderate reaction, 3-  medium reaction,
4-intense reaction, 5- very intense reaction).

myocardium has not suffer emphasized changes
in the case of acetaminophen intoxication, reason
for which there is no significant regeneration in
action of Vaccinium vitis-idaea extracts.
The histoenzimological study of myocard
shows a normal appearance as concern the CyOx
and SDH activity in the group C. There is a stronger
reaction of SDH compared to CyOx. In group P
there is a significant decrease in mitochondrial
activity of these two enzymes in the heart muscle
fibers. Lingonberry extracts (Lha and Ld group)
administration does not influence the myocardial
SDH and CyOx activity, the structures having a
normal aspect. Concomitant administration of
paracetamol and Lha extract (group PLha) have
a positive influence on myocardial mitochondrial
activity, leading to the significant increases of
SDH activity and then of CyOx. In PLd group is an
increase of a lower intensity of myocardial enzyme
activity compared to the group PLha. (Tab. 1)
Following histological, histoenzimological
and in fluorescence analysis can be seen that
the paracetamol has less adverse effect on the
myocardium. Extracts administration does not lead
to changes of the pathological nature. However,
the combination of extracts (hydroalcoholic and
dried lingonberry extract) with sub-chronic
administration in toxic dose of paracetamol
reveals different protective effects, depending on
the extract nature.
The studied lingonberry extracts fall into two
quite different matrices. The liquid extract is a
hydro-alcoholic extract, where we find the waterinsoluble compounds such as benzoic acid or a
series of antioxidant compounds. Dried extract,
resuspended in water, has a lower biochemical
diversity. Extracts administration of does not

induce pathological changes such as histology
and fluorescent aspects. We obtained comparable
results in similar experiments in which we induced
alcohol intoxication (Roman et al., 2014).

CONCLUSION

The dried lingonberry extract has no
apparent action on the myocardium instead has
antihypertensive properties more obvious than
the lingonberry alcoholic extract.
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