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ABSTRACT

Objective: This study aimed to investigate acute and chronic effects of varenicline on
lung tissue in an experimental study. Methods: A total of 34 rats were randomly allocated
into study (varenicline) and control groups. The rats were divided into two groups
(i) control group, (i) varenicline group. Then, the rats in the each group were sub-divided
equally in turn as acute (C1; V1) and chronic (C2; V2) ; all rats of acute and chronic groups
were sacrificed under the anesthesia on the 45th day for acute group [C1 (n=5) and
V1 (n=12)] and the 90th day for chronic group [C2 (n=5) and V2 (n=12)], respectively.
Thus, biochemical and histopathological analysis were carried out. Results: Thirty four
rats completed the study, 24 were in varenicline group and 10 were in control group.
In chronic exposure to varenicline, oxidant levels comprising of malondialdehyde (MDA),
and myeloperoxidase (MPQO) increased and superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH) and glutathione peroxidase (GPx) levels, named as antioxidants,
decreased significantly when compared to the control group. MDA and MPO levels
were also significantly higher and SOD, CAT, GPx, GSH levels were also significantly
lower in chronic varenicline group when compared to acute varenicline group. These
findings were also supported by histopathological observations. Conclusion: This is the
first study, which evaluated pulmonary effects of varenicline experimentally on an animal
model. It was observed that chronic varenicline treatments cause inflammation and lung
cell injury.

Keywords: Varenicline; Lung tissue; Oxidative stress; Pulmonary toxicity.

partial agonist at the a4p2 nAChR and a full agonist at
the a7 nicotinic acetylcholine receptor.G#

Smoking tobacco is the most important and preventable
cause of pulmonary diseases such as chronic obstructive
pulmonary disease, lung cancer, and interstitial lung
diseases. Furthermore, it has been associated with
approximately 50% of deaths due to cardiovascular and
pulmonary diseases. The most important pathological
changes associated with smoking tobacco are inflammation
and oxidative stress of the respiratory tract. Metaplastic
and dysplastic changes in bronchial epithelium are
accompanied by elevated expression of adhesion molecules
and secretion of many cytokines and oxidative stress
products. -

Quitting smoking is the most effective method of
prophylaxis and treatment of pulmonary diseases.
The effects of nicotine are mediated through a variety
of mechanisms including actions at various nicotinic
receptor subtypes (nAChR) and modulation of the
neurotransmitters release such as dopamine, serotonin
and glutamate.®® Varenicline is the most widely used
agent for quitting smoking and it is a highly selective

In randomised clinical trials varenicline has been shown
to increase the chances of successful long-term results in
2-3 times compared to pharmacologically unsupported
attempts to quit smoking.® Varenicline has been reported
to suppress the withdrawal symptoms and feeling of
enjoyment derived from smoking.®® Smokers treated
with varenicline reported that cigarette smoking was
less satisfying and rewarding than those given a placebo.
® The most common side effects of varenicline include
nausea, insomnia, abnormal dreams, headache, agitation,
anxiety, tachycardia, dyspepsia, and constipation.(”)

Although there are lots of studies evaluating the
non-smoking related effects of varenicline, but the
number of studies evaluating the effects on tissues is
extremely low, whether or not it has a negative effect
on rats’ lung tissue which has never been evaluated.
To this end, it was aimed to explore the acute and
chronic effects of varenicline using histopathological
examinations to assess oxidative stress and apoptosis
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in the lung tissue of rats treated with varenicline.
It was also detected biochemical parameters and
weighed individual lungs.

METHODS

The current study protocol was approved by the
Animal Ethics Committee (Number: 2012/A-61). In the
present study, 34 male Wistar Albino rats, 10-12 weeks
of age and weighing 250-300 g were supplied from
the Inonu University Laboratory Animals Research
Center. The rats were kept in a temperature (21£2°C)
and in humidity (60£5%) controlled room in which
a 12:12 h light:dark cycle was provided during the
trial. The rats were randomly divided into varenicline
(V: n=24) and control (C: n=10) groups and the rats
in each group were sub-divided equally as either
acute (C1; V1) or chronic (C2; V2). The rats in the
control group were administered distilled water orally.
Modified animal-to-human dosing tables were used to
adjust the duration and dose scheme of varenicline
(Champix 1 mg Tb®, Pfizer Corporation, Istanbul,
Turkey) according to the human therapy protocol.®*
Accordingly, the dosage of oral varenicline was adjusted
as 9 ug/kg daily on days 1-3, 9 ug/kg twice daily
on days 4-7, and 18 ug/kg twice daily on days 8-90
(total of 83 days). The rats in the acute group were
sacrificed on day 45 [C1 (n=5) and V1 (n=12)] and the
rats in the chronic group [C2 (n=5) and V2 (n=12)]
were sacrificed on day 90 by using ketamine and
xylazine. The lung tissues were stored for biochemical
and histological studies.

Spectrophotometric analyses of TBARS ingredient
of the homogenates were performed by thiobarbituric
acid reaction use.? Three millilitres of 1% phosphoric
acid and 1 ml of 0.6% thiobarbituric acid solution were
added to 0.5 ml of plasma in a tube. The mixture was
heated in boiling water for 45 minutes and after cooled,
and extracted into 4 ml of n-butanol. The absorbance
was measured spectrophotometrically (UV-1601;
Shimadzu, Kyoto, Japan) at 532 nm. The amount of
lipid peroxides was calculated as per TBARS of lipid
peroxidation. A standard graph prepared for evaluation
of standard fluids was used and the results were
expressed in nanomoles per gram (nmol/g tissue)
(1,1,3,3-tetramethoxypropane).

In this study, it was used the method developed by
Sun et al.,*Y which involves inhibition of nitroblue
tetrazolium (NBT) reduction by the xanthine/xanthine
oxidase system as a superoxide (02°*-) generator in
order to evaluate total SOD (EC 1.15.1.1) activity
(Cu-Zn and Mn). The enzyme amount that caused 50%
inhibition in the NBT reduction ratio was described as
one unit of SOD. SOD activity was expressed as units
per gram protein (U/g protein).

It was used the method defined by Paglia and
Valentine*?) in order to evaluate GPx activity (EC 1.6.4.2).
It was initiated an enzymatic reaction by adding H,0,
to a tube, which contained nicotinamide adenine
dinucleotide phosphate (NADPH), reduced glutathione
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(GSH), sodium azide, and glutathione reductase. The
change in absorbance at 340 nm was monitored by
a spectrophotometer. The results were expressed as
U/g protein.

It was used a 4-aminoantipyrine/phenol solution as
the substrate for MPO-mediated oxidation by H,O, in
order to evaluate the MPO (EC 1.11.1.7) production
and recorded the change in absorbance at 510 nm.*3
The amount causing degradation of 1 umol H,0,/min
at 25°C was described as one unit of MPO. The results
were expressed as U/g protein.

It was used Aebi’s method in order to assay catalase
activity (CAT, EC 1.11.1.6).%% This method is based
on the determination of the rate constant (k, s—1) or
the H,0, decomposition rate at 240 nm. The activity
was expressed as k per gram protein (k/g protein).

A previously defined method was used in order
to analyse the GSH ingredient in the lung tissue as
non-protein sulphydryls.(*> It was mixed aliquots
of tissue homogenate with distilled water and 50%
trichloroacetic acid in glass tubes and centrifuged at
3000 rpm for 15 min. The supernatants were mixed
with Tris buffer (0.4 M, pH 8.9) and added 5,5-dithiobis
(2-nitrobenzoic acid) (DTNB, 0.01 M). It was assayed
absorbance of reaction content at 412 nm within
5 min of the addition of DTNB against a blank with
no homogenate. It was extrapolated the absorbance
levels from a glutathione standard curve and defined
as GSH (pmol/g tissue).

At the end of the study, all animals were sacrificed
under ketamine anaesthesia. The lung tissues were
removed. Tissue samples were placed in 10% formalin
and prepared for routine paraffin embedding. Paraffin
blocks were cut into slices 5 pm thick, mounted on
slides, and stained with hematoxylin-eosin (H-E). It was
examined lung sections histopathologically for severity
of alterations including haemorrhage, inflammatory cell
infiltration, thickened alveolar wall, and congestion.
Lung injury was classified semi-quantitatively for each
criterion as (0) normal, (1) mild, (2) moderate, (3) or
severe, with scores ranging between 0 and 12. Lung
sections were observed by using a Leica DFC280 light
microscope and a Leica Q Win and Image Analysis system
(Leica Micros Imaging Solutions Ltd., Cambridge, UK).

Statistical power analysis was used in order to
determine the necessary sample sizes required to
detect even minor effects. It was employed the NCSS
packet program in order to calculate the necessary of
sample sizes for a power of 0.80 was. The analyses
were performed by using SPSS software, 22.0 version
(SPSS Inc., Chicago, IL). Kolmogorov-Smirnov test
was used in order to examine normality of distribution.
And the Kruskal-Wallis H test was used in order to
examine the data that were not distributed normally.
After a significant Kruskal-Wallis H test, a Conover test
was also utilized for biochemical and histopathological
analyses. A value of P<0.05 was accepted as statistically
significant. The results were presented as medians
(min-max).



RESULTS

No mortality occurred due to varenicline exposure
or anaesthesia, none of them caused any animal
mortalities. All of the animals survived until the end
of the study.

Body weight (BW), lung weight (LW), oxidant/antioxidant
parameters (MDA, SOD, CAT, GPx, GSH, and MPO), and
lung injury scores are presented in Tables 1, 2, and 3.
Acute exposure to varenicline did not lead to a significant
decrease in LW and BW in comparison to the control
group, whereas, a numeric increase was observed
in MDA and MPO levels and a significant decrease

Table 1. The histopathological damage score of all groups.
V1 (n=12)
6 (5-7)2

C1 (n=5)
0(0-1)

Groups
Lung injury score
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was observed in SOD, CAT, GSH, and GPx content.
On the other hand, chronic exposure to varenicline
significantly increased MDA and MPO and decreased
SOD, CAT, GSH and GPx levels in comparison to the
control group. In addition, significantly higher levels
of MDA and MPO and CAT, SOD, GPx were observed in
the lung tissues of the chronic varenicline group and
GSH levels were significantly lower than the acute
varenicline group.

The histological appearance of the lung tissue
was normal in the acute and chronic control groups
(Figures 1A and B). The lung sections from V1 and

C2 (n=5)
0 (0-1)

V2 (n=12)
7 (6-8)>

Data are expressed median (min-max). 3p =0.001 vs C1; °p =0.001 vs C2; °p =0.001 vs V1.

Table 2. Changes of SOD, CAT, GPx activities and GSH, MDA contents in the lung tissue of rats administered by acute

and chronic varenicline [Median (min-max)].

MDA

nmol/g S0 .
tissue U/g protein

Acute  Control Group 7.37 46.99
(n=5) (6.39-9.12)  (36.64-50.49)

Varenicline 7.09 44.40
Group (n=12) (4.62-15.90)  (32.15-59.05)

Chronic  Control Group 7.12 45.01
(n=5) (6.44-8.02)  (34.12-54.29)

Varenicline 18.75 14.89

Group (n=12)

(11.19-21.60)%° (6.04-18.15)%> (3.15-5.12)2*

gl . U(i:g pr(r;f):jg AR .
K/g protein protein tissue U/g protein
14.17 4.28 0.47 31.32
(10.82-17.75)  (2.76-5.66)  (0.43-0.55) (24.69-37.78)
13.34 3.93 0.46 31.65
(18.83-7.73)  (2.05-6.96)  (0.28-0.67) (22.14-40.26)
13.20 3.98 0.46 30.90
(8.14-21.81)  (2.90-4.65)  (0.41-0.50) (20.71-35.43)
4.87 1.11 0.15 90.78
(0.7-1.92)>*  (0.10-0.20)>° (70.46-109.12)*P

aSignificantly different compared with both control groups (p<0.05); °Significantly different compared with acute

varenicline group (p<0.05).

Table 3. Lung weight changes.

Acute Control Group (n=5)
Varenicline Group (n=12)
Chronic Control Group (n=5)

Varenicline Group (n=12)

Lung Weight (g)

Body Weight (g)

20.1+1.62 300+10
18.8+2.81 29512
19.0+1.47 3108

19.4+2.90 318+12

Figure 1. Normal appearance of lung histology in C1 (A) and C2 (B) groups, H-E; X20. GROUPS. C1: Acute Control
(n=5); C2: Chronic Control (n=5).
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V2 exhibited some histopathological changes including
inflammatory cell infiltration, haemorrhage, thickened
alveolar wall, and congestion (Figures 2A, B, C and D).
In addition to these changes, it was also observed
lipid-laden macrophages (Figures 3A and B)

and intrabronchial macrophages in some areas
(Figures 3C and D). When C1 and V1 as well as
C2 and V2 were compared, significant differences were
detected (p=0.001, for all). Significant differences were
also noticed between V1 and V2 (p=0.001).

Figure 2. Visible lymphocytes accumulation around the blood vessels (A and B) (arrows) and congestion of the
parenchyma (C and D) in V1 and V2 goups. It was noticed that inflammation and congestion are more prominent in V2
group than V1 group. H-E; X20. V1: Acute Varenicline (n=12); V2: Chronic Varenicline (n=12).

Figure 3. The appearance of lipid-laden macrophages accumulation (A and B), H-E; X40. Macrophages in bronchial
lumen are observed (C and D) PAS; X40. V1: Acute Varenicline (n=12); V2: Chronic Varenicline (n=12).

a/7 J Bras Pneumol. 2020;46(2):e20180406



DISCUSSION

The purpose of our study was to evaluate the effects
of varenicline on lung tissue. In the authors’ knowledge,
this is the first study that demonstrates the toxic effects
of varenicline on lung tissue based on biochemical and
histopathological parameters.

Cigarette smoking is an important risk factor for
the development of COPD and several other diseases.
Additionally, tobacco smoke exposure is associated
with exacerbations of pulmonary diseases.(*®) Also, it
is possible to notice that smoking cessation improves
respiratory function and decreases pulmonary symptoms
and airway inflammation; for this reason smokers are
strongly advised to quit. Comprehensive programs are
regarded as the most effective method of reducing
tobacco-related mortality and morbidity. Without this
type of support, only 6% of attempts to quit smoking
are successful.(7:1&)

A partial agonist for the nicotinic acetylcholine
receptor a4f2 as Varenicline is the drug most widely
used to quit smoking.? Its side effects include nausea,
headache, insomnia, vivid dreams, and gastrointestinal
and cardiovascular effects; however, its pulmonary
side effects remain unknown.

In this study, it was demonstrated that chronic
varenicline treatment increased the level of TBARS,
which is an important sign of oxidative stress caused
by increasing lipid peroxidation in lung tissue. However,
chronic treatment with varenicline significantly reduced
the levels of the antioxidants SOD, CAT, GPx, and
GSH in lung tissue. MDA, which is a cursor of lipid
peroxidation, was created by peroxidation by reactive
oxygen species of fatty acids and leads to irreversible
cell damage.?>2Y On the other hand, antioxidant
defence systems protect the cell against oxidative
damage under normal physiological conditions.?
Oxidative stress results from an imbalance between
TBARS and the antioxidant defence system. Membrane
lipids, proteins, nucleic acids, and deoxyribonucleic acid
molecules are the most sensitive cellular conformations
to reactive oxygen species (ROS), which cause to cell
injury, membrane damage, protease activation, DNA
destruction and protein-lipid peroxidation.®

MPO is a highly sensitive index of tissue neutrophil
sequestration included in the pathogenesis of various
inflammatory diseases and is an inflammatory
marker.(?42% In this work, it was determined that
chronic varenicline treatment caused a significant
increase in the levels of MPO in the lung tissue leading
to pulmonary inflammation.

It was also perceived that chronic varenicline
exposure increased inflammatory cell infiltration and
congestion histopathologically. The main role of alveolar
macrophages is the phagocytosis and to eliminate the
inhaled particulates, preventing damage to the delicate
and highly functional alveolar epithelium. The word
foamy is used generically to describe the vacuolated
appearance of alveolar macrophage cytoplasm under
light microscopy, which can be classified ultrastructurally
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based on the presence of lysosomal lamellar bodies,
neutral lipid droplets, or drug particles in response to
a variety of conditions.(®®

Inflammation is an essential component in the
pathogenesis of lung damage that is orchestrated in
part by endogenous and migrating leukocytes, which,
along with pulmonary epithelial and endothelial cells, it
create a feedback loop through which stimuli from cell
damage activate alveolar and interstitial macrophages.”
Activated leukocytes can deliver reactive oxygen species
(superoxide, hydrogen peroxide, hydroxyl radical,
hypochlorous acid, nitric oxide, and peroxynitrite) and
proteases that maintain the injury/repair processes
that are thought to contribute to fibrotic processes.?®)
Data of this study indicate that acute administration
of varenicline did not exert oxidative or inflammatory
effects on the lung, in contrast to chronic administration.

Also, these results are consistent with another varenicline
studies by Selcuk et al. regarding its detrimental
cardiovascular effects,® which demonstrated adverse
effects of chronic varenicline exposure on cardiovascular
tissue via electrocardiographic, biochemical, and
histopathological analyses. Recently, randomized
controlled clinical trials and meta-analyzes of varenicline,
that can be safely used in smoking cessation therapy
without increased risk of cardiovascular disease have
been published.(?>3% There are also clinical studies
demonstrating the positive effects of varenicline on
smoking cessation in patients with mild, moderate and
severe COPD.G*3? In these studies, no respiratory
side effects of varenicline besides the expected side
effects were found in COPD patients comparing placebo
during a-year period. Tashkin et al.® showed that
there was no difference between continuous abstainers
and continuous smokers in terms of lung function
and respiratory symptoms in COPD patients who quit
smoking with varenicline following 1 year period, but
also they showed improvement in lung function during
first 12 weeks. Although it is not methodologically
appropriate to compare these results with findings
of this sutdy. Once, that the pulmonary function of
patients using long-term varenicline for smoking
cessation should be closely monitored, because it
also was not detected any acute toxicity during the
45-day varenicline treatment period. Moreover, in
these clinical studies, the positive effect of smoking
cessation on the improvement of pulmonary function
should not be ignored. There is only one study that
evaluated the prolonged exposure to varenicline in
rats.(*» Zaccarelli-Magalhaes et al.G* studied possible
toxicity through haematological, biochemical and
anatomopathological parameters of 30 days exposure
to varenicline. Opposite to the present study, the
authors showed no significant kidneys, heart, liver,
adrenal glands, spleen and lung tissues alterations,
which indicates that varenicline was not able to alter
these organs either macroscopic or microscopic
aspects. However, the inflammatory and oxidative
stress parameters were not evaluated in this study.

J Bras Pneumol. 2020;46(2):e20180406
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It is also relevant to note that the doses and times
applied to rats and the doses and duration applied to
humans are different. Andreollo et al.*>) showed that rats
rapidly develop during childhood and become sexually
mature at about six weeks old, but reach social maturity
five to six months later. In adulthood, every month of
the animal is approximately equivalent to 2.5 human
years. The rats of this study were 10-12 weeks of age.
According to this, the use of varenicline for 3 months
in rats corresponds to 7.5 years of use in humans.

Although, most recently cardiovascular safety
of varenicline was reported by Benowitz et al.??,
Selguk et al.®® reported that in an animal study,
chronic varenicline exposure caused heart weight
loss and decreased mean blood pressure, induced
lipid peroxidation, and reduced antioxidant activity.
Both acute and chronic varenicline exposure caused
impairment of mean oxygen saturation. QT interval
was prolonged in the chronic varenicline group, while
PR interval prolongation was statistically significant
in both control and acute varenicline groups. And the
authors also confirmed their results both biochemically
and histopathologically.

This study had some limitations. The aim was
especially on the toxic effects of chronic varenicline
administration on lung tissue of rats while ignoring
its exposure-dependent effects. If the antioxidant
enzymes had been studied in one-week intervals in
a study design with a larger sample size, high levels
were detected, which would have clearly established
that short-term use has no toxic effects. Additionally,
the use of advanced analysis methods, molecular
mechanisms, and histopathological staining could
have helped to assess the effects of varenicline on
lung tissue. Studies with different drug doses should
be performed to determine the highest effective
treatment dose with the least toxic effects. In patients
using varenicline, toxic effects can be determined by
assessing inflammatory markers in expired air.

In conclusion, it was demonstrated the pulmonary
effects of varenicline for the first time in lung tissue of
rats. Chronic (3 months in rats, equivalent to 7,5 years
in human) varenicline treatment caused inflammation
and injury in lung cells by changing the biochemical and
histological parameters. However, there is no reference
of varenicline use in humans such a long time period.
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