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Quercetin, a polyphenolic phytochemical prevents
sodium azide-induced extra-hepatic oxidative
stress in rats

Oluwatobi T. Somade®*, Samuel K. Olorode?, Tunde O. Olaniyan?! and Opeyemi Faokunla?

Abstract: This study investigated the protective effects of quercetin (QUER) in
sodium azide (SAZ)-induced extra-hepatic (brain, lung, heart) oxidative stress in
rats. SAZ administration significantly decreased and increased brain and lung

GSH levels respectively, but was restored to levels comparable to normal control
by QUER, while no significant difference was seen in heart GSH level. Brain and
heart GST activities, as well as lung CAT activity were significantly reduced in SAZ-
administered rats compared to normal control rats, but were significantly restored
to normalcy by QUER treatment in heart only, while the significant increase in
lung GST activity, as well as brain and heart CAT activities in SAZ-administered
rats compared to control, were significantly attenuated by QUER treatment. A sig-
nificant decrease in the brain, lung, and heart SOD activities, as well as brain and
lung GPx activities in SAZ group compared to control, was recorded, but treatment
with QUER significantly raised the activities of the enzymes back to normal. We
therefore concluded from the findings of this study that quercetin could be a good
candidate for the chemoprevention of SAZ-induced extra-hepatic oxidative stress.

Subjects: Bioscience; Environment & Agriculture; Food Science & Technology
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1. Introduction

Sodium azide (SAZ) is a water-soluble, colorless, and crystalline solid, manufactured as a very fine
powder (Rippen et al., 1996). Crystalline SAZ is an explosive that can decompose on heating, emit-
ting toxic fumes (Health & Safety Executive, 2000). It is used as a preservative in aqueous laboratory
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reagents, as a gas generating chemical in automobile airbags and seat ejectors of jet planes. It is
acutely toxic, and can inhibit the activities of catalase, cytochrome oxidase, and peroxidases by
binding to iron III (Fe*') in porphyrin complexes (National Toxicology Program, 1991). SAZ can pen-
etrate the blood-brain barrier (Smith, Louis, Kruszyna, & Kruszyna, 1991). Azide anions may be
metabolized to nitric oxide (NO) in the central nervous system (CNS) (Health & Safety Executive,
2000). In aqueous solution, it is rapidly transformed into hydrazoic acid, responsible for the irritating
effects attributed to SAZ (Graham, 1949; Haas & Marsh, 1970). SAZ is quickly absorbed from injection
sites and respiratory tract (Bassendowska & Kowalski, 1962; Reinhardt & Brittelli, 1981). Exposure to
SAZ canister explosion resulted in severe systemic toxicity and death (Pham, Palmieri, & Greenhalgh,
2001). SAZ-exposed patients developed hypotension, hypothermia, bradycardia and a profound
metabolic acidosis causing death in about 12 h after exposure. NO is the metabolite mainly respon-
sible for the toxic effects of SAZ (Eyer, 1994).

Medicinal properties of plants and plant derivatives have been exploited in the treatment of differ-
ent ailments, and one of such is quercetin. Generally, studies on flavonoids are widely geared to
focus on quercetin (Chirumbolo, 2010). Quercetin sources are largely abundant and easy to extract,
isolate, and detect (Papiez et al., 2008).

Quercetin (QUER) (3,3',4',5,7-pentahydroxy flavones), a flavonoid, is a polyphenolic compound
that are found exclusively in plants. These compounds are able to elicit various biological and phar-
macological activities in animal cells (Alrawaiq & Abdullah, 2014). QUER, an abundant flavonoid in
human diet, is a strong reactive oxygen species (ROS) scavenger and good metal chelator (Patra,
Rautray, & Swarup, 2011). It is rich in phenolic hydroxyl groups that have strong antioxidant activity
(Martinez-Florez, Gonzalez-Gallego, Culebras & Tunon, 2002; Tokyol, Yilmaz, Kahraman, Cakar, &
Polat, 2006). High concentrations of QUER are found in apples, onions, potatoes, broccoli, tea, soy-
beans, and red wine. QUER has very potent antioxidant and cytoprotective effects in preventing en-
dothelial apoptosis caused by oxidants (Choi et al., 2003; Renugadevi & Milton Prabu, 2010). QUER
has been used to treat hepatotoxicity, liver fibrosis, and many diseases (Amalia, Possa, Augusto, &
Francisca, 2007; Gonzalez-Gallego, Sanchez-Campos, & Tunon, 2007; Tieppo et al., 2009).

The protective role of QUER against SAZ-induced hepatic and splenic oxidative stress has been
reported (Somade et al,, 2015). Therefore, we investigated the protective effects of QUER, a flavo-
noid and antioxidant in food, spices, wine, and fruits, on SAZ-induced oxidative stress in extra-
hepatic tissues of rats.

2. Materials and methods

2.1. Test substance and kits

SAZ and QUER (298% purity) used in this study were of analytical grade, product of Sigma Chemical
Co., Saint Louis, MO, USA. Creatinine, urea, uric acid, total cholesterol (T-CHOL), triacylglycerol (TG),
and high density lipoprotein cholesterol (HDLC) commercial kits are product of Cypress Diagnostics,
Langdorp, Belgium.

2.2. Experimental animals and study design

Twenty male wistar albino rats of an average weight of 150 g used for this study were obtained from
the animal house of the College of Veterinary Medicine, Federal University of Agriculture, Abeokuta,
Nigeria. They were housed in steel metal cages in the animal house of our department and were
served food and water ad libitum. Permission to use the animals was approved by the Institution’s
Animal Ethical Committee. The rats were divided randomly into four groups (I-IV) of five animals
each. Group I animals serve as normal control, group II animals were administered a single intra-
peritoneal dose of 20 mg/kg SAZ for 48 h, group III animals were also administered same as group
11, but treated with 100 mg/kg QUER orally for seven days, while group IV animals were administered
100 mg/kg QUER only for seven days.
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We selected the dose of 100 mg/kg quercetin based on its effect in previous study (Guzy et al.,
2003; Somade et al., 2015), while doses of intraperitoneal injection between 15 and 150 mg/kg of
SAZ into rats caused symptoms such as bradycardia or dyspnea, salivation, paralysis, tremor, con-
vulsions, and later death (Abbanat & Smith, 1964; Burger & Bauer, 1965).

2.3. Sample collections and preparations

At the end of the experimental period, the animals were sacrificed. They were handled and used in
accordance with the international guide for the care and use of laboratory animals (National
Research Council, 1996). Blood was collected via abdominal artery into clean heparinized tubes fol-
lowed by centrifugation at 3,000 rpm for 10 min. Plasma was separated into clean 1-ml Eppendorf
tubes, and stored at —18°C until when used. Also, brain, lung, and heart were harvested, they were
washed in ice-cold saline (0.9% w/v) solution, blotted dry, and weighed, after which they were sus-
pended in ice-cold 0.1 M phosphate buffer (pH 7.4) for homogenization. Homogenization is then
followed by centrifugation at 5,000 rpm for 10 min. The homogenate was then used immediately for
the analysis of oxidative stress parameters.

2.4. Assay for biochemical parameters
Plasma concentrations of T-CHOL, TG, HDLC, creatinine, urea, and uric acid were determined accord-
ing to the methods described in Cypress Diagnostics Kits, Langdorp, Belgium.

2.5. Determination of CAT activity

Activity of catalase was determined by the method of Aebi (1974). Sample (0.1 ml) was added to
quartz cuvette containing 1.9 ml of 10 mM phosphate buffer (pH 7.0). Reaction was initiated by the
addition of 1.0 ml of freshly prepared 30 mM hydrogen peroxide (H,0,). The rate of decomposition of
H,O, was measured spectrophotometrically at 240 nm.

2.6. Determination of SOD activity

SOD activities in harvested tissues were determined by the method of Misra and Fridovich (1972).
The method is based on the ability of superoxide dismutase to inhibit auto-oxidation of adrenaline
to adrenochrome at alkaline pH. The unit of enzyme activity is defined as the enzyme required for
50% inhibition of adrenaline auto-oxidation.

2.7. Determination of GPx activity
GPx activities were determined by the method of Rotruck et al. (1973) where the color developed
was read at 412 nm.

2.8. Determination of GST activity

Activities of brain, lung, and heart glutathione S-transferase (GST) were determined by the method
of Habig, Pabst, and Jakoby (1974) based on enzyme-catalyzed condensation of glutathione with
the model substrate, 1-chloro-2,4-dinitrobenzene. The product formed (2,4-dinitrophenylglu-
tathione) absorbs light at 340 nm.

2.9. Determination of MDA level

MDA concentrations, a marker of lipid peroxidation (LPO) were determined by the method of Buege
and Aust (1978). In this procedure, 1.0 ml of the supernatant was added to 2 ml of trichloroacetic
acid-thiobarbituric acid-hydrochloric acid (TCA/TBA/HCI) (1:1:1 ratio) reagent, boiled at 100°C for
15 min, and allowed to cool. Flocculent materials were removed by centrifuging at 3,000 rpm for
10 min. The supernatant was removed and the absorbance read at 532 nm against blank. MDA con-
centration was calculated using the molar extinction coefficient for MDA-TBA complex of
1.55x10°Mtcm™.

2.10. Determination of GSH level
Brain, lung, and heart reduced glutathione (GSH) levels were determined by the method of Moron,

Depierre, and Mannervik (1979), where the color developed was read at 412 nm.
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Figure 1. Effects of quercetin in
NaN,-induced brain, lung, and
heart lipid peroxidation in rats.

Notes: Bars are mean

values of MDA + SEM; n = 5.
Bars with different letters

are significantly different

(p < 0.05). SAZ = sodium azide;
QUER = quercetin.

2.11. Determination of total protein concentrations
Total protein concentrations in brain, lung, and heart were determined by the method of Gornall,
Bardawill, and David (1949).

2.12. Statistical analysis

Data were analyzed by one-way analysis of variance (ANOVA), followed by least significant differ-
ence (LSD) to test for significant differences among the groups of rats using Statistical Package for
Social Sciences program version 17.0. Data were expressed as mean * standard error of mean. p
values less than 0.05 were considered statistically significant.

3. Results

3.1. Results of relative brain, lung, and heart weights

Our results revealed a significant decrease (p < 0.05) in relative brain and lung weights in SAZ-
administered rats compared to normal control rats, but treatment with QUER was able to restore the
relative weights in both tissues (Table 1), while no significant (p > 0.05) difference was seen in the
relative heart weight (Table 1).

3.2. Plasma total protein, CHOL, TG, HDLC, urea, uric acid, and creatinine

The significant (p < 0.05) decrease in plasma total CHOL caused by SAZ administration compared to
control was not significantly increased (p > 0.05) by QUER treatment (Table 2), while no significant
(p > 0.05) difference was seen in plasma concentrations of TG and HDLC (Table 2). Also, administra-
tion of SAZ significantly (p < 0.05) increased the plasma concentrations of protein, urea, uric acid,
and creatinine, when compared with the control animals (Table 3). QUER treatment was able to
significantly (p < 0.05) attenuate the concentration of these parameters to levels comparable with
control (Table 3).

3.3. Treatment of NaN -induced lipid peroxidation

There was a significant (p < 0.05) increase in the concentrations of brain, lung, and heart MDA in
SAZ-administered rats compared to control, but treatment with QUER significantly (p < 0.05) de-
creased the MDA concentrations in these tissues to levels comparable to control (Figure 1).

3.4. Treatment of NaN -induced oxidative stress

A significant (p < 0.05) decrease and increase in brain and lung GSH levels in SAZ-administered rats
compared to control rats were recorded respectively, but treatment with QUER significantly (p < 0.05)
increased the GSH concentration in brain, and did not significantly reduce (p > 0.05) lung GSH level,

200 - m BRAIN MDA
LUNG MDA
= HEART MDA

180 -

160 -

140 -

120

100 -

MDA (nM)

80 |

60 -

40 -

20 |

CONTROL SAZ SAZ + QUER QUER

Page 4 of 11



Somade et al., Cogent Biology (2016), 2: 1200798
http://dx.doi.org/10.1080/23312025.2016.1200798

< cogent--biology

Figure 2. Effects of quercetin
on brain, lung, and heart GSH
levels in NaN,-treated rats.

Notes: Bars are mean

levels of GSH + SEM; n = 5.
Bars with different letters

are significantly different

(p < 0.05). SAZ = sodium azide;
QUER = quercetin.

Figure 3. Effects of quercetin
on brain, lung, and heart GPx

activities in NaN,-treated rats.

Notes: Bars are mean
activities of GPx + SEM; n = 5.
Bars with different letters

are significantly different

(p < 0.05). SAZ = sodium azide;
QUER = quercetin.

® BRAIN GSH
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16 - ® HEART GSH

GSH (ug/ml)

CONTROL SAZ SAZ + QUER

QUER

while no significant difference (p > 0.05) in heart GSH level was seen in all groups (Figure 2). Activities
of brain and lung GPx were significantly (p < 0.05) decreased by SAZ administration compared to
control rats (Figure 3), and were also significantly (p < 0.05) restored to levels comparable to control
by QUER treatment (Figure 3). Heart showed no significant (p > 0.05) difference in GPx activity in all
the groups (Figure 3). CAT activities in brain and heart (Figure 4) were significantly increased (p < 0.05)
following SAZ administration compared to control, but were also significantly attenuated (p < 0.05)
after treatment with QUER. In the lung, the reverse is the case, as SAZ administration was accompa-
nied by a significant decrease (p < 0.05) in CAT activity compared to control (Figure 4). QUER treat-
ment was able to restore the activity to normalcy (Figure 4). SOD activities in brain, lung, and heart
were significantly (p < 0.05) reduced by SAZ administration compared to control animals (Figure 5),
and was significantly (p < 0.05) increased back to normal by treatment with QUER (Figure 5). Lastly,
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Figure 4. Effects of quercetin
on brain, lung, and heart CAT
activities in NaN,-treated rats.

Notes: Bars are mean
activities of CAT + SEM; n = 5.
Bars with different letters

are significantly different

(p < 0.05). SAZ = sodium azide;
QUER = quercetin.

Figure 5. Effects of quercetin
on brain, lung, and heart SOD

activities in NaN,-treated rats.

Notes: Bars are mean
activities of SOD + SEM; n = 5.
Bars with different letters

are significantly different

(p < 0.05). SAZ = sodium azide;
QUER = quercetin.
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a significant (p < 0.05) decrease in brain and heart GST activities in SAZ-administered rats compared
to control rats were recorded (Figure 6). Treatment with QUER significantly (p < 0.05) increased GST
activity in heart only, while the significant (p < 0.05) increase in lung GST activity compared to control
rats was reduced significantly (p < 0.05) by QUER treatment (Figure 6).

4. Discussion

The present study has investigated the protective roles of QUER, a flavonoid, in SAZ-induced oxida-
tive stress in rats. The significant decrease (p < 0.05) in relative brain and lung weights following SAZ
administration (Table 1) may indicate direct toxic effects on these tissues, while the protective ef-
fects of QUER on these tissues may be due to its antioxidant and anti-apoptotic properties (Cheng
et al.,, 2009; Lugli et al., 2009).

The significant decrease (p < 0.05) in plasma cholesterol and non-significant decrease (p < 0.05) in
plasma triglyceride (Table 2) caused by SAZ administration may be due to its hypotensive properties

1.8 4 = BRAIN SOD
LUNG SOD b
16 ® HEART SOD

SOD (unit/mg protein)

SAZ + QUER

QUER

CONTROL SAZ
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Figure 6. Effects of quercetin
on brain, lung, and heart GST

activities in NaN,-treated rats.

Notes: Bars are mean
activities of GST + SEM; n = 5.
Bars with different letters

are significantly different

(p < 0.05). SAZ = sodium azide;
QUER = quercetin.

35 m BRAIN GST
a LUNG GST
30 - ® HEART GST

GST (nmole/min/mg protein)

CONTROL SAZ SAZ + QUER QUER

as reported by Pham et al. (2001). Also, treatment of SAZ-induced renal toxicity as marked by signifi-
cant increase (p < 0.05) in the plasma concentrations of creatinine, urea, and uric acid, by QUER has
confirmed the nephroprotection of this flavonoid (Table 3). Our findings on renal protection of QUER
are corroborated by earlier reports of Eldin, Shaheen, Abd Elgawad, and Shehata (2008), Renugadevi
and Milton Prabu (2010), 1li¢, Stojiljkovi¢, Veljkovi¢, Veljkovi¢, and Stojanovi¢ (2014), and Bashir et al.
(2014). Also, amelioration of procarbazine-induced kidney dysfunction by QUER has been reported
by Olayinka et al. (2015), while the reduction in uric acid concentration following QUER treatment in
high fructose induced-metabolic syndrome in rats was reported by Omar et al. (2015).

Table 1. Relative organ weights of quercetin treatments in NaN,-induced toxicity in rats

Groups Relative brain weight (%) | Relative lung weight (%) | Relative heart weight (%)
Control 1.38 £0.12° 0.78 £0.07° 0.38 £0.02¢°

NaN, 0.93+0.03¢° 0.59+0.03¢ 0.40+0.01°

N(]l_\l3 + quer- 1.18 £0.08° 0.92+0.13° 0.38 £0.03°

cetin

Quercetin 1.23 £0.08° 0.72 +£0.05¢ 0.42 +0.05°

Notes: Values are expressed as mean * standard error of mean (n = 5). Values labeled with different superscript are
statistically significant (p < 0.05). Relative organ (brain, lung, heart) weight = (organ weight/final body weight) x 100.

Table 2. Protection of quercetin on some plasma biochemical parameters in NaN,-induced

toxicity

Groups CHOL (mg/dl) TG (mg/dl) HDL-CHOL (mg/dl)
Control 55.30 + 4.16% 72.54 +10.30 47.48 £5.92°
NaN, 41.69 +2.69° 60.95 £ 7.57¢ 50.94 £ 1.15¢
NaN, + quercetin 45,25 +3.36% 89.37 £ 6.49° 37.17 £+ 6.36°
Quercetin 60.16 £ 3.76¢ 72.20 £ 4.96% 47.84 +0.36°

Notes: Values are expressed as mean * standard error of mean (n = 5). Values labeled with different superscript are
statistically significant (p < 0.05).
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Table 3. Nephroprotection of quercetin in NaN,-induced renal toxicity in plasma of rats

Groups TP (g/dl) Urea (mg/dl) Uric acid (mg/dl) Creatinine (mg/dl)
Control 6.31+0.24° 56.68 +0.33¢ 4.63+£0.09° 0.74 +0.04°
NaN, 7.73 £0.20° 269.19 + 4.06° 20.51+0.19° 1.73 £0.09°
NaN, + quercetin 6.52 +0.22¢ 5526 +1.11¢° 4.30+0.09° 0.82+0.07°
Quercetin 7.02+0.23° 55.54 +0.99° 4.40+0.120 0.79 £0.05°

Notes: Values are expressed as mean * standard error of mean (n = 5). Values labeled with different superscript are
statistically significant (p < 0.05).

Measurement of thiobarbituric acid (TBARS) is mostly used to monitor lipid peroxidation and indi-
rectly, oxidative stress in vitro and in vivo (Beltowski, Wéjcicka, Gérny, & Marciniak, 2000). The lipid
oxidation causes disruption of the bilayer and cell integrity accompanied by leakage of cellular con-
tent from the damaged organ into the blood stream (Ologundudu, Ologundudu, Oluba, Omotuyi, &
Obi, 2010). The significant increase (p < 0.05) in brain, lung, and heart levels of MDA by SAZ admin-
istration may be as a result of free radicals attack on the electron-rich membrane components,
while the significant decrease in the levels of MDA in these tissues after quercetin treatments may
be as a result of its antioxidant and free radical scavenging ability (Olayinka et al., 2015; Omar et al.,
2015; Nirankari, Kamal, & Dhawan, 2016), that may have spared the cell membrane components, by
donating its rich electron to the unstable, unpaired, and ravaging free radicals (Figure 1). Our find-
ings are corroborated by the reports of Dong et al. (2014) who reported the protection of QUER
against oxidative stress and brain edema in an experimental rat model of subarachnoid hemor-
rhage, and Ongaratti et al. (2014) who documented the antioxidant and neuroprotective effect of
organic and conventional white grape juices on oxidative stress induced by SAZ in cerebral cortex of
rats. Also, quercetin has been reported to prevent oxidative damage in different tissues of long-term
diabetic rats (Edremitlioglu, Andic, & Korkut, 2012).

Oxidative stress, characterized by increase in the levels of free radicals due to insufficient antioxi-
dant defense (Mittler, 2002) has been shown in experimental and clinical studies to play a major role
in the etiology of many diseases. Oxidative stress contributes to the pathological processes of dis-
eases including cancer, cardiovascular diseases, rheumatoid arthritis, diabetes mellitus, and neuro-
logical disorders such as Alzheimer and Parkinson (Valko et al., 2007). The body has its antioxidant
systems to prevent free radical production and the probable ravaging and destructive effects they
can cause. The most important intracellular antioxidant defense enzymes are SOD, CAT, GPx (Altan,
Dincel, & Koca, 2006) and non-enzymatic antioxidants such as GSH (Tomlin, 1994). SOD is responsi-
ble for catalytic dismutation of highly reactive and potentially toxic superoxide radicals to hydrogen
peroxide (H,0,) and O,. CAT and GPx are responsible for the catalytic decomposition of H,0, to molecu-
lar oxygen and water (Tomlin, 1994). The significant decrease (p < 0.05) in brain GSH level (Figure 2),
brain and lung GPx activities (Figure 3), as well as lung CAT activity (Figure 4), may be attributed to
continuous generation of H,0, following SAZ administration (Tomlin, 1994), as the substrate for the
enzymes is H,0,, while the enzyme GPx also utilizes GSH as a substrate for detoxification of H,0,
(Tomlin, 1994). Furthermore, the significant decrease (p < 0.05) in brain, heart, and lung SOD activi-
ties (Figure 5) as a result of SAZ exposure may be due to overwhelming generation of superoxide
radical (O3), a substrate for the enzyme (Machado et al., 2015).

Also from our findings, the significant increase (p < 0.05) in lung GSH (Figure 2), brain and heart
CAT activities (Figure 4), as well as GST activity (Figure 6), following SAZ administration could be due
to an adaptive response to oxidative stress-induced free radical (H,0,) generation in these tissues,
probably as a result of detoxification of O3, as also recently reported by Machado et al. (2015).

The amelioration of SAZ-induced tissue oxidative stress recorded in the study by quercetin treat-

ments may signifies the antioxidative and tissue-protective potentials of the flavonoid (Nirankari
et al.,, 2016; Olayinka et al., 2015), which may have spared and restored back the normal levels and
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activities of the endogenous antioxidant systems. The protective effects by quercetin treatment
against tissue oxidative stress obtained from this study are also corroborated by findings of Guzy et al.
(2003), Gargouri et al. (2011), Renugadevi and Milton Prabu (2010), Edremitlioglu et al. (2012), Bashir
et al. (2014), Dong et al. (2014), and Ongaratti et al. (2014).

We therefore concluded from the findings of this study that tissue antioxidative potentials of
quercetin may be harnessed against SAZ-induced extra-hepatic oxidative stress.
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