FABAD J. Pharm. Sci., 45, 1, 37-44, 2020
RESEARCH ARTICLE

Antioxidant Effect of Sildenafil on Cadmium-Induced
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Antioxidant Effect of Sildenafil on Cadmium-Induced Liver,
Lung and Kidney Injury

Kadmiyumun Neden Olduğu Karaciğer, Akciğer ve Böbrek
Hasarı Üzerine Sildenafil’in Antioksidan Etkisi

SUMMARY

ÖZ

The aim of this study is to investigate the protective effect of sildenafil
against cadmium-induced liver, lung and kidney toxicity. In total of
28 Sprague Dawley female rats included in this study were divided
into four groups: control, Sil, Cd, Sil+Cd groups. CdCl2 and Sil
citrate were dissolved in distilled water, the injection volume adjusted
to 0,5 ml / rat. On the 7th day, a single dose of 3,7 mg/kg Cd was
injected ip in the morning and Sil was administered in drinking
water for 10 days. On the 10th day of the experiment, 72 hours after
Cd administration, the rats were sacrificed under anesthesia and the
lungs, kidneys and livers of the rats were isolated and Thiobarbituric
acid reactive substances (TBARs), GSH, total thiol (T-SH) levels in
these tissues were evaluated. Tissue damage was assessed by serum
alanine aminotransferase (ALT), aspartate aminotransferase (AST),
creatinine, blood urea nitrogen (BUN) and creatine kinase (CKMB). It was found that cadmium significantly increased AST, ALT,
creatinine, BUN, CK-MB and TBARs levels compared to the control
group, and significantly decreased GSH and T-SH levels. In sildenafil
+ cadmium administration, TBARs levels significantly decreased
while GSH and T-SH levels significantly increased compared to
cadmium group. The protective effect of sildenafil against multiple
organ damage caused by cadmium may be due to its antioxidant
properties.

Bu çalışmanın amacı kadmiyum ile indüklenen karaciğer,
akciğer ve böbrek toksisitesine karşı sildenafilin koruyucu etkisini
incelemektir. Bu çalışmaya dahil edilen toplam 28 adet Sprague
Dawley cinsi dişi sıçan dört gruba ayrıldı: kontrol, Sil, Cd, Sil+Cd
grupları. CdCl2 ve Sil distile su içinde çözüldü, enjeksiyon hacmi
0,5 ml/sıçan olacak şekilde ayarlandı. 7. gün sabah tek doz 3,7
mg/kg Cd ip enjeksiyon halinde, Sil ise 10 gün boyunca içme
suyu içinde uygulandı ve 10. gün, Cd uygulamasından 72 saat
sonra sıçanlar anestezi altında kesilerek serum, akciğer, böbrek
ve karaciğer alınıp dokularda TBARS, GSH, T-SH seviyeleri
değerlendirildi. Doku hasarları serum ALT, AST, kreatinin,
BUN ve CK-MB ile değerlendirildi. Kadmiyum’un AST, ALT,
kreatinin, BUN ve CK-MB ve TBARs düzeylerini kontrol
grubuna göre istatistiksel açıdan anlamlı bir şekilde artırdığı,
GSH ve T-SH düzeylerini ise anlamlı derecede azalttığı tespit
edilmiştir. Sildenafil+kadmiyum uygulamasında ise, kadmiyum
grubuna göre TBARs düzeyi anlamlı derecede azalırken, GSH
ve T-SH düzeyleri anlamlı derecede artmıştır. Sildenafil’in,
kadmiyum’un neden olduğu çoklu organ hasarına karşı koruyucu
etkisinin antioksidan özelliğinden kaynaklandığı söylenebilir.
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INTRODUCTION
Heavy metal toxicity is a public health problem
that can be caused by both environmental and occupational resources, threatens the environment and public health due to the widespread presence of metals in
the earth’s crust, and which has serious consequences
such as serious organ damage and even death in acute
or chronic exposure (Tchounwou, Yedjou, Patlolla, &
Sutton, 2012). Cadmium (Cd), known as modern toxic metal, is one of the most toxic substances released
to the environment through a wide range of industrial
activities worldwide, as it has global commercial importance. It is considered a major health hazard due
to its long biological half-life (about 10-30 years) (Fan
et al., 2018; Wang et al., 2019). According to the International Agency for Research on Cancer (IARC),
Cd is classified as a group I carcinogen (IARC, 1976).
A classic example of the ecotoxicological significance
of Cd is Itai-Itai disease, which is characterized by severe pain, bone fractures, proteinuria, and osteomalacia, predominantly among women. It is stated that
this disease is caused by consumption of rice grown
on soil contaminated with Cd and drinking contaminated water caused by a mining activity along with
nutritional factors (Inaba et al., 2005; Nordberg, 2009;
Ono, 2013). Since Cd is not biodegradable and has a
long half-life, it accumulates in various tissues and organs such as testis, kidney, lung, liver, brain, heart and
central nervous system. Oxidative tissue damage occurs with the formation of superoxide anion, hydroxyl radical and other reactive oxygen species (ROS).
(Nwokocha et al., 2019). It is known that accelerating
the accumulation of ROS by Cd increases oxidative
stress and lipid peroxidation, consuming glutathione
(GSH) and protein-bound thiol groups and triggers
DNA damage (Banik et al., 2019; Kim et al., 2019;
Zhao et al., 2019).
Oxidative stress is mainly caused by the imbalance between antioxidants and oxidants, which disrupts the structure of organs, cells and tissues in the
human body. Oxidative stress has been shown to play
an important role in the pathogenesis of various diseases such as cardiovascular disease and myocardial
infarction, cardiomyopathy, ischemic stroke, hypertensive heart disease and metabolic disorders (Jing,
Yan, Yuan, & Zhu, 2019). Excessive free radical
production weakens the body’s antioxidant defense
mechanism and damages proteins, lipids, DNA and
other biomolecules. Endogenous antioxidant defense
mechanisms include enzymatic systems such as superoxide dismutase (SOD), glutathione peroxidase
(GPx), catalase (CAT), as well as non-enzymatic
agents such as ascorbic acid, alpha tocopherol and
GSH (Pal et al., 2019).
Sildenafil (Sil), a phosphodiesterase type 5 (PDE5) inhibitor, was originally developed for the treatment of angina pectoris, but has subsequently been
extensively used clinically in the treatment of erectile
dysfunction and pulmonary hypertension (Lombardi,
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Nelli, Celso, Mencarini, & Del Popolo, 2012). Sil is a
selective PDE-5 inhibitor leading to accumulation of
cyclic guanosine monophosphate (cGMP). With this
mechanism, it increases the effects of endogenous
nitric oxide (NO), leading to penile smooth muscle
relaxation, thereby creating arterial dilatation, which
leads to the expansion of the corpus cavernosum
(de Carvalho et al., 2019; Venkat et al., 2019). Many
recent studies have shown the effectiveness of Sil in
preventing organ damage due to oxidative stress and
inflammation (Abdel-latif, Morsy, El-Moselhy, &
Khalifa, 2013; Kaur et al., 2017; Zahran et al., 2015).
In another study, tadalafil, a PDE-5 inhibitor, has been
shown to improve peripheral vascular insufficiency
and reduce peripheral neuropathy in mice (Ogihara
et al., 2019). Tadalafil administration in individuals
with type 2 diabetes mellitus has been reported to
promote improvement in beta cell function in metabolic syndrome independent of insulin sensitivity in
both men and women. (Hill, Eckhauser, Marney, &
Brown, 2009).
In this study, we aimed to investigate the different
pharmacological activities of Sil, which is widely used
in pulmonary hypertension and erectile dysfunction
in the clinic, to evaluate the benefits of organ and
tissue damage in different organs due to exposure to
heavy metal such as Cd, furthermore, to contribute
to the studies conducted to prevent organ damage
through the data and experience we provide.
MATERIALS AND METHODS
Experimental animals and ethics committee
In this study, 28 Sprague-Dawley female rats obtained from Fırat University Experimental Animals
Production and Research Center were used. The experimental protocols of the study were approved by
Fırat University Faculty of Medicine Animal Research
Committee (Ethics committee protocol no: 2016/151)
and the ethical rules were fully complied with in the
study. Female rats weighing 250-300 grams were kept
in standard housing cages until the day of the experiment. Routine maintenance services such as daily
change of drinking water of animals, feeding of feed
and standard cage cleaning were performed by Fırat
University Experimental Animals Production and
Research Center personnel. The rats were housed in
rooms with dark / light illumination for 12 h, at room
temperature of 24-27 °C with appropriate humidity
and ventilation. Seven rats were housed in each cage
and the rats were divided into 4 groups. The groups
were designed with 7 rats in each group in order to
ensure statistical significance by considering other
studies.
Experimental groups;
• Group 1 (Control, ad libitum feeding for 10 days,
0,5 ml/rat distilled water intraperitoneally (ip) on
day 7, n = 7)
• Group 2 (Cd, ad libitum feeding for 10 days, 3,7
mg/kg single dose Cd ip at day 7, n = 7)

FABAD J. Pharm. Sci., 45, 1, 37-44, 2020

• Group 3 (Sil, ad libitum feeding for 10 days and 5
mg/kg /day Sil in drinking water, n = 7)
• Group 4 (Cd + Sil, ad libitum feeding for 10 days,
5 mg/kg /day Sil in drinking water + 3,7 mg/kg
single dose Cd ip at day 7, n = 7)

Figure 1. Schematic representation of the experimental design.
Experimental method
Sil citrate was purchased from Pfizer and CdCl2
was purchased from Merck. CdCl2 and Sil citrate were
dissolved in distilled water, the injection volume adjusted to 0,5 ml / rat. On the 7th day, a single dose of
3,7 mg/kg Cd was injected ip in the morning and Sil
was administered in drinking water for 10 days. On
the 10th day of the experiment, 72 hours after Cd administration, the rats were sacrificed under anesthesia and the lungs, kidneys and livers of the rats were
isolated and Thiobarbituric acid reactive substances
(TBARs), GSH, total thiol (T-SH) levels in these tissues were evaluated. Tissue damage was assessed by

serum alanine aminotransferase (ALT), aspartataminotransferase (AST), creatinine, blood urea nitrogen
(BUN) and creatine kinase (CK-MB).
At the end of the experiment, 50 mg/kg ketamine
and 5 mg/kg xylazine anesthesia were applied ip to the
animals. Blood samples obtained from the heart of the
rats were taken into gel tubes and centrifuged at 3000
rpm for 15 minutes. The lung, kidney and liver tissues
of the rats were removed with scalpel. These tissues
were immediately stored in locked bags at -20 ° C and
then at -80 ° C until measurements were made.
Preparing tissues for measurement
Before the tissues were removed from the refrigerator at -80 ° C, a working environment with ice water
was prepared in order to prevent the structure of sensitive molecules such as enzymes and hormones from
deteriorating, and the whole study was carried out
in this environment. Approximately 100 mg of lung,
kidney and liver tissues were taken and weighed on
a sensitive balance and placed in plastic tubes. After
adding 1 ml of phosphate buffer onto the tubes, it was
homogenized with a homogenizer, then sonification
was performed, the supernatants obtained after centrifugation were taken into ependorphic tubes and
used for the measurement of biochemical parameters.
AST, ALT, CREATINE, CK-MB and BUN measurement in serum
An auto analyzer was used to measure these parameters. Results were expressed as IU/L for AST,
ALT and CK-MB and mg/dl for creatinine and BUN.
T-SH, TBARS, GSH measurement in tissue
For T-SH, TBARS and GSH determinations, measurements were performed by ELISA using commercial kits from Shanghai Yehua Biological Technolgy.
The detailed detection method of each biochemical
assay was performed according to the manufacturer’s
instructions.
Statistical analysis
Graph Pad Instat Version 3.10 package program
was used for statistical analysis. Data are expressed as
mean ± standard error (± SEM). One-way analysis of
variance (ANOVA) was used to determine the difference between the groups. Multiple comparisons were
made with Tukey-Kramer test. p <0.05 was considered
significant (p <0.05: * significant, p <0.01: ** very significant and p <0.001: *** was considered extremely
significant).
RESULTS
Serum AST, ALT, BUN, CK-MB and Creatinine
levels were significantly increased in the Cd group
compared to the control group (for all parameters; p
<0.001). Compared to the Cd group, serum AST, ALT,
BUN, CK-MB and Creatinine levels were significantly
reduced in the Sil + Cd group (AST, ALT; p <0.001,
Creatinine; p <0.001, BUN; p <0.01, CK-MB; p <0.05)
(Figure 2).
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Figure 2. Serum AST, ALT, BUN, Creatinine and CK-MB
levels, * p<0.05, **p<0.01, ***p<0.001 (n=7, ANOVA)

AST and ALT ;
a; According to the control group; An extremely significant increase was found in the Cd group (p<0.001).
b; According to the cadmium group; A significant decrease was observed in the Sil+Cd group (p<0.001).
Creatinine, BUN and CK-MB ;
a; According to the control group; An extremely significant increase was found in the Cd group (p<0.001).
b; According to the cadmium group; A significant
decrease was observed in the Sil+Cd group (Creatinine;
p<0.001, BUN; p<0.01, CK-MB; p<0.05).

Cd administration caused a significant increase in
tissue TBARS levels in all tissues (p <0.001). Compared
to Cd group, tissue TBARS levels significantly decreased
in Sil + Cd group (p <0.001). Compared to the control
group, tissue GSH levels showed a significant decrease
in all tissues in the Cd group (p <0.001). The decrease in
GSH caused by Cd was significantly prevented by the Sil
administration in the Sil + Cd group compared to the Cd
group (p <0.05). T-SH levels were significantly decreased
in the Cd group compared to the control group (p <0.001).
The decrease in tissue T-SH levels caused by Cd significantly prevented by Sil administration in liver and kidney
tissues (p <0.01), while there was no significant difference
in lung tissue (Figure 3).

40

Figure 3. Tissue TBARS, GSH, T-SH levels. *
p<0.05, **p<0.01, *** p<0.001 (n=7, ANOVA)

TBARS;
a; According to the control group; Cd application caused
a very significant increase in all tissues (p<0.001).
b; According to the cadmium group; Significant decreases were observed in the Sil+Cd group (p<0.001).
GSH;
a; According to the control group; A very significant reduction in all tissues was detected in the Cd group (p<0.001).
b; According to the cadmium group; In the Sil+Cd
group, Sil application significantly prevented the decrease of
GSH caused by Cd (p<0.05).
T-SH;
a; According to the control group; A very significant decrease was found in the Cd group (p<0.001).
b; According to the cadmium group; Sil application has
been shown to significantly prevent the decrease caused by
Cd in liver and kidney (p <0.01), no significant difference
was found in the lung.
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DISCUSSION
In this study, in which we investigated the effect
of Sil against Cd-induced multiple organ damage in
rats in the light of biochemical and oxidative stress
parameters, supporting the previous studies, Cd application caused significant damage to liver lung and
kidney tissue (p <0.001). TBARS, a low molecular
weight lipid peroxidation byproduct, is mainly composed of malondialdehyde (MDA) with ROS attack in
membrane phospholipids and is widely used as an oxidative stress marker. In our study, increased TBARS
levels were found in the Cd group that was supported
by previous studies compared to the control group
(Massó, Corredor, & Antonio, 2007). Some studies
have shown that Sil decreases MDA levels in spinal
and testicular damage by increasing antioxidant activity (Beheshtian et al., 2008; Serarslan et al., 2010).
Increased biochemical parameters as a sign of cellular
damage due to oxidative stress and decreased GSH
and T-SH levels, which play an important role in cellular defense, suggest that Cd causes oxidative damage
at the cellular level. Cd is a dangerous and toxic heavy
metal that causes serious harmful health problems in
humans and animals. It causes cytotoxicity, carcinogenicity and mutagenicity in the organism and also triggers free radical production, causing oxidative damage
to lipids, proteins and DNA (Saggu et al., 2019). When
it is taken into the body, it quickly disperses throughout the body and triggers tissue damage through inflammatory and oxidative stress-based mechanisms.
Cd is replaced by bivalent cations in the active sites
of different enzymes, including antioxidant enzymes,
leading to disruption of cellular redox homeostasis
(Salama, Arab, Hassan, & Maghrabi, 2019). The exposed Cd accumulates most intensely in the liver and
kidneys and causes nephrotoxicity. When Cd is taken
into kidney cells, cellular free radical production accelerates and apoptosis occurs (Seif, 2019). The liver
is the main target organ of Cd toxicity (Baba et al.,
2013). Some studies have reported the use of different
chelating agents to alleviate Cd toxicity by increasing
Cd excretion; however, chelation therapy is controversial in terms of efficiency and safety (Kojima et al.,
1992). Cd shows high affinity for compounds containing thiol group. Other compounds carrying a reduced
GSH and thiol group are very critical compounds that
play a key role in the antioxidant defense system. This
is because the depletion of thiols greatly contributes to
the tissue damage caused by ROS (Singhal, Anderson,
& Meister, 1987). In a study investigating the antioxidant effect of Cabbage (Brassica oleracea var. capitata) plant in Cd-induced oxidative damage, it was reported that Cd administration produced a significant
decrease in liver and lung lipid peroxidation levels as
well as liver GSH levels (Eryılmaz, Deliorman Orhan,
Aktay, & Bingöl, 2002). In our study, while lipid peroxidation increased with Cd administration, decrease
in GSH and T-SH levels was found to be compatible
with the literature.

Liver enzymes (AST, ALT) are widely used in the
studies related to liver as the most specific indicator
of liver damage. (Saggu et al., 2019). In the Cd group
of our study, it was found that there was a significant
(P <0.001) increase in serum AST and ALT enzyme
levels compared to the control group. These results
are consistent with previous studies showing impaired
liver function with Cd (Almeer et al., 2018).
The data obtained from the study showed that administration of a single dose of Cd at a dose of 7.5 mg/
kg produced acute kidney toxicity in rats and changes
in kidney function were characterized by increases in
BUN and serum creatinine concentrations.
In our study, we observed that healing occurred
in nearly all tissues in the group where we applied
Sil+Cd, close to the control group. The ROS removal
ability detected by the Sil application is similar to the
free radical scavenging effect of well-known antioxidants such as N-acetylcysteine, GSH and CAT (Luanpitpong et al., 2013). Our results show the antioxidant
potential of Sil in lung, liver and kidney toxicity. Another study reported the antioxidant and anti-inflammatory effect of Sil against acute lung injury due to
burns in rats (Gokakin et al., 2013). PDE-5 inhibitors
seem promising, especially in the treatment of lung
damage, because their PDE-5 activities are greatly
enhanced in oxidative stress and inflammatory processes. In a study performed by Shimaa El-Metwaly et
al. in hydrochloric acid-induced lung injury, Sil was
shown to provide a significant decrease in MDA levels
and a significant increase in GSH levels in lung tissue (El-Metwaly, El-Senduny, EL-Demerdash, & Abdel-Aziz, 2019). In a study conducted in rats, where
the effect of Sil and febuxostat on doxorubicin nephrotoxicity was investigated, while serum urea, creatinine and uric acid levels were used as nephrotoxicity
biomarkers; GSH and MDA levels were used as oxidative stress biomarkers and it was observed that nephrotoxicity and oxidative stress markers showed significant improvement with Sil administration (Khames,
Gad, & El-Raouf, 2017). Cisplatin is an antineoplastic
agent that can cause kidney damage with many different mechanisms. In a study in which cisplatin was
applied to rats, Sil was reported to be able to alleviate
kidney damage by clearing free oxygen radicals (Lee et
al., 2009). In a different study by Ahmed A. Elberry et
al., the role of Sil as a curative was investigated in cisplatin-induced rat nephrotoxic model, it was reported that Sil treatment could protect rats from cisplatin-induced nephrotoxicity by improving glomerular
filtration rate and kidney blood flow. These healing effects may partly be attributed to their antioxidant and
anti-inflammatory effects. (Elberry & Almohamadi,
2014).
Some studies have reported that Sil can produce
hepatotoxic syndrome, in contrast to the data we obtained in our study. In a case study, it was stated that
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a patient who had been using 50 mg tablet Sil several
times in the 3 months prior to illness, probably had
drug-related hepatotoxic syndrome (Wolfhagen, Vermeulen, Rob, & Lesterhuis, 2008). In the study conducted by Mofrih M Hegazy et al., rats were given as
26 mg/kg/day for 28 days Sil citrate via oral gavage,
and necrosis was observed in hepatocytes with a significant increase in the serum damage markers AST
and ALT serum levels. (Hegazy, Elhalfawy, Shaban, &
Abouelnour, 2018). In the same study, degenerative
and atrophic changes were observed in the kidneys
in the group treated with Sil and were associated with
higher urea and creatinine levels indicating nephrotoxicity. These results are most likely related to the administration of Sil at a higher dose (26 mg/kg) than
the dose administered in our study.
Wesam El-Bakly et al. investigated the efficacy and
underlying mechanism of PDE-5 inhibitors in cognitive impairment, and they have reported that the
PDE-5 inhibitors may help prevent cognitive impairment in Alzheimer’s disease. It is stated that this effect
is likely to be accomplished by improving apoptosis
and inflammation processes together with antioxidant
activity (Bakly et al., 2019).
CONCLUSION
Recent developments show that the environmental level of heavy metals increases with human activities. Acute and chronic exposures to heavy metals
seriously threaten the health of all living organisms.
Therefore, toxicity studies from heavy metals will become more and more important. Due to the discovery
of new drugs and clinical trials are long term, challenging and quite costly, the researchers have tended
to investigate alternative pharmacological activities
of current drugs in treatment. Sil, which is a pharmacologically important drug in current treatment,
may have an alternative pharmacological function
in treating heavy metal oxidative damage. As a result
of the study in which we examined Sil’s mechanism
of action, we think that Sil can be protective against
multiple organ damage caused by heavy metals, and
this effect is likely to activate the antioxidant defense
system. However, this beneficial effect should be supported by further clinical studies.
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