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In this experiment, the effects of naringenin (Nar) on cadmium (Cd)-induced changes in blood physiological 
and biochemical indices and kidney damage among rats were studied. Twenty-four male Sprague–Dawley 
rats were randomly divided into four groups: control group, Cd-treated group (1 mg/kg b.w. CdCl2), Nar-
treated group (100 mg/kg b.w.), and Cd + Nar-treated group (1 mg/kg b.w. CdCl2 + 100 mg/kg b.w. 
Nar). They were treated for 4 weeks, and then the blood physiological and biochemical indicators were 
assessed. The levels of glutathione (GSH), malondialdehyde (MDA), catalase (CAT), and total superoxide 
dismutase (T-SOD) were measured. Histopathological sections of the kidney were made to observe the 
structural damage. Results showed that the red blood cell count (RBC), hemoglobinconcentration (HGB), 
and hematocrit(HCT) of serum were significantly reduced after Cd exposure for 4 weeks. Cd increased 
the expression of GSH and MDA and decreased the activities of CAT and T-SOD. Furthermore, in the Cd-
treated rats, the glomerulus contracted, the renal tubular structure was damaged, the epithelial cells were 
disordered and degenerated, and a large area of lesions occurred. However, treatment with Nar slowed 
down the occurrence of oxidative stress induced by Cd. Therefore, as an effective antioxidant, Nar has a 
certain protective effect on oxidative stress and kidney injury induced by Cd.

INTRODUCTION

Cadmium (Cd) is a highly toxic heavy metal that occurs 
widely in nature from agriculture, industry, and other 

production activities, and it is widely found in the air, 
food, and water (Genchi et al., 2020; Wang et al., 2017). 
Cd is a non-essential element with a long half-life (Geng 
and Wang, 2019). Kidney is the organ most vulnerable 
to Cd accumulation (Gong et al., 2021). Excessive Cd 
accumulation in the body could cause tissue damage in this 
organ and harm to human body (Edwards, 2003; Fukumoto 
et al., 2001; Liu et al., 2017). With the development of 
economy, industry, and agriculture, Cd pollution has 
become increasingly serious in recent years, and the harm 
caused by Cd pollution has attracted the attention of more 
people than before. Naringenin (Nar), which is mainly 
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distributed in oranges, grapefruits, citrus, and other fruits, is 
a monomer of flavonoids extracted from citrus plants in the 
Rutaceae family (Mir and Tiku, 2015). Existing in tomato 
and lemon peel, Nar is a representative flavonoid with 
antioxidant, antiallergic, antihepatotoxic, antithrombotic, 
and anti-inflammatory effects (Testai et al., 2017). 

Blood plays an important role in metabolic regulation 
and maintaining the balance between the internal and 
external environments of the body. Studies have found 
that Cd-poisoned rats appeared to have different degrees 
of anemia, which may be related to the change in red 
blood cell permeability. Therefore, the changes of blood 
physiological and biochemical indexes in rats exposed to 
Cd were detected in our experiment to judge the relationship 
between Cd poisoning and blood injury. Studies have also 
shown that Cd-induced liver and kidney damage in rats 
may be related to oxidative stress and autophagy (Vicente-
Sanchez et al., 2008; Liu et al., 2017; Wang et al., 2019). 
Studying the toxic effect of Cd and its mechanism and 
establishing methods to alleviate Cd pollution are highly 
important. However, the mechanism of Nar in Cd-
induced renal injury in rats remains unclear. Therefore, we 
determined the antioxidant indexes to explore whether Cd 
induced kidney injury is related to oxidative stress (Xu et 
al., 2021). Given the anti-inflammatory effect of Nar, it is 
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often used to treat arthritis. Its anti-damage and antioxidant 
effects have received widespread attention. For this, we 
chose Nar as a protective agent to explore the protective 
effect of Nar on Cd induced kidney injury in rats, so as to 
provide a theoretical basis for the clinical use of Nar (Chen 
et al., 2021a).

In this study, red blood cell count (RBC), hemoglobin 
concentration (HGB), hematocrit (HCT), mean erythrocyte 
hemoglobin concentration (MCHC), and mean platelet 
volume (MPV) were examined to explore the effect of Cd 
on blood physiological and biochemical indexes of rats. The 
kidney damage caused by Cd was assessed by measuring 
the changes in antioxidant indicators glutathione (GSH), 
malondialdehyde (MDA), catalase (CAT), and total 
superoxide dismutase (T-SOD). Histological evaluation 
of rat kidney revealed the damage brought by Cd to the 
kidney’s tissue structure. In addition, the protective effect 
of Nar on Cd-induced kidney damage in rats was studied.

MATERIALS AND METHODS

Chemicals
CdCl2(99.95%) (No. 7790-78-5) was purchased from 

Aladdin Biochemical Technology Co., Ltd (Shanghai, 
China), Nar (97%) (No. 67604-48-2) was purchased from 
Beijing Bailingwei Technology Co., Ltd (Beijing, China). 

Animals 
Six-week-old Sprague–Dawley rats weighing 

approximately 150 g were used and kept on 12 h light:12 
h dark cycles with controlled temperature (24°C ± 2°C). 
They were fed with a commercial standard diet, with 
free access to drinking water under standard laboratory 
conditions.

Experimental design
After 1 week of adaptive feeding, the rats were 

randomly divided into four groups, with six rats per group. 
They were treated everyday as follows: The control group 
received distilled water and 0.9% NaCl by oral gavage, 
the Cd-treated group received 1 mg/kg b.w. of CdCl2 
intraperitoneally, the Nar-treated group received 100 mg/kg 
b.w. of Nar daily by oral gavage, and the Cd + Nar-treated 
group received 1 mg/kg b.w. of CdCl2 intraperitoneally 
and 100 mg/kg b.w. of Nar by oral gavage. The doses of 
CdCl2 and Nar were used were selected from previous 
studies (Abdeen et al., 2019; Ahmed et al., 2019; Badr et 
al., 2019; Wang et al., 2020a).

The experiment lasted for 4 weeks. Afterwards, 
respiratory anesthesia was performed on the rats in each 
group with diethyl ether. Blood was collected and placed 
in test tubes containing anticoagulant substances. Then, 
the rats were sacrificed by neck dissection, and the kidneys 

were collected. A part of the kidney tissue was placed 
into the grinder, PBS buffer solution was added, and the 
mixture was grinded in a low-temperature environment to 
prepare a tissue homogenate with a concentration of 10%. 
The supernatant was collected after centrifugation and 
placed in the refrigerator at −20°C for later use. Then, a 
non-destructive kidney was placed in 10% formaldehyde 
solution for fixation, and a kidney section was prepared 
for later use.

Blood physiological, biochemical and antioxidant indices 
analysis

The blood physiological indicators were measured 
using a blood cell analyser, animal blood cell analyser 
was purchased from Nanjing pulang medical equipment 
co., LTD (Nanjing, China). The MDA, GSH, CAT, and 
T-SOD levels in the kidney were analyzed according to 
the manufacturer’s protocols. GSH (No. A006-2-1), MDA 
(No. A003-1-1), CAT (No. A007-1-1), and T-SOD (No. 
A001-1-1) kits were obtained from Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China).

Histopathological analysis 
Fresh kidneys were immersed in formaldehyde 

solution for 24 h and fixed. Then, they were cut into 1 × 1 × 
0.5 cm-rectangular parallelepiped, placed in the embedding 
box, and rinsed with running water for 12 h to remove the 
formaldehyde solution attached to the surface. Afterwards, 
they were dehydrated with different concentrations of 
ethanol, removed with xylene, and embedded in paraffin. 
A slice with a thickness of approximately 5 μm was cut 
and placed in 42°C water. It was stretched out and placed 
in the center of the glass slide. Subsequently, it was dried in 
a 45°C oven for approximately 40 minutes. The prepared 
slices were placed under 40 × lenses for their photos to 
be taken and observed, and then the photos were saved.
Next, according to the histopathological scoring method 
described above (Chen et al., 2021b; Canales et al., 
2012), the experimental team members scored the renal 
histopathological sections. Renal pathological lesions were 
exhibited as follows: Destruction of renal tissue structure, 
glomerular atrophy, deformation and necrosis of renal 
tubules. According to the distribution range of the above 
lesions, the scores are recorded as follows: 0, no lesions; 
1, the distribution range of lesions is less than 10%; 2, the 
distribution of lesions is 10%-50%; 3, the distribution of 
lesions is 50%-90%; 4, the distribution of lesions is more 
than 90%, respectively.

Statistical analysis
All data were analyzed on SPSS 20.0 software. One-

way analysis of variance (ANOVA) and the least significant 
difference (LSD) post hoc test were used to analyze the data. 
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Table I. Effect of Nar on Cd-induced changes in blood physiological indices.

Treated RBC(×1012/L) HGB(g/L) HCT(%) MCV(fl) MCHC(g/L) MPV(fL)
Control 6. 81±0. 26 114. 17±4. 19 34. 52±0. 98 50. 80±0. 71 330. 33±2. 79 7. 85±0. 07
Cadmium 5. 49±0. 17* 98. 5±2. 53* 30. 04±6. 67* 51. 73±0. 72 327. 75±0. 76 8. 77±0. 16
Naringenin 7. 53±0. 11 126. 6±3. 44 38. 66±1. 02 51. 40±1. 66 327. 70±0. 87 8. 42±0. 21
Cadmium + Naringenin 6. 74±0. 16# 120. 5±2. 25# 36. 63±0. 67 51. 83±1. 26 328. 75±1. 93 8. 13±0. 34

*P< 0.05 compared with control group (non-Cd-exposed group); #P< 0.05 compared with Cd-exposed group, the same as follow.

All measurement results were expressed as mean ± stand-
ard deviation. The value was not considered significant 
when P> 0.05 and extremely significant when P < 0.05.

RESULTS

Blood physiological indices of rats
As shown in Table I, in the Cd-treated group, the 

serum RBC, HGB, and HCT were significantly reduced 
(P< 0.05) compared with those in the control group after 
Cd exposure for 4 weeks. However, the Nar-treated group 
(100 mg/kg b.w.) did not show any significant difference 
in blood physiological indices (P> 0.05) compared with 
the control group. The Cd + Nar-treated group (100 mg/
kg b.w.) exhibited significantly reduced serum RBC and 
HGB (P< 0.05) compared with the Cd-treated group after 
Cd exposure for 4 weeks, but the HCT, MCHC, and MPV 
indices did not significantly differ (P> 0.05).

GSH and MDA contents of rat kidney
As shown in Figure 1, the content of GSH and MDA 

in the Cd-treated group significantly (P< 0.05) increased 
compared with that in the control group, whereas this 
content the Cd + Nar-treated group was significantly (P< 
0.05) reduced compared with that in the Cd-treated group.

Fig. 1. GSH and MDA levels assay in kidney tissues.
Rats were treated with CdCl2 and/or Nar for 4 weeks. 
Then, the kidney tissues were used to determine the 
levels of GSH (A) and MDA (B). All measurement results 
were expressed as mean ± standard deviation. *, indicates 
significant difference compared with the corresponding 
control (*P < 0.05). #, indicates statistically significant 
difference between the Cd and Cd + Nar groups (#P < 
0.05).

CAT and T-SOD activity in rat kidney tissues
As shown in Figure 2, the Cd-treated group showed 

significantly (P< 0.05) reduced activities of CAT and 
T-SOD compared with the control group. In the Cd + 
Nar-treated group, the CAT activity significantly (P< 
0.05) increased and the T-SOD activity increased, but the 
difference was not significant (P<0.05) compared that in 
the Cd-treated group.

Fig. 2. CAT and T-SOD levels assay in kidney tissues.
Rats were treated with CdCl2 and/ or Nar for 4 weeks. 
Then, the kidney tissues were used to determine the levels 
of CAT (A) and T-SOD (B). All measurement results 
were expressed as mean±standard deviation. *,indicates 
significant difference compared with the corresponding 
control (*P < 0.05). #, indicates statistically significant 
difference between the Cd and Cd + Nar groups (#P < 
0.05).

Histological evaluation of rat kidney
After 4 weeks of treatment, compared with the control 

group (Fig. 3A and C), the renal tissue of Nar treatment 
group had no abnormal changes, the tissue structure 
was relatively complete, and the boundary between the 
spheroid and renal tubular epithelial cells was clear, no 
obvious lesions were found. Compared with the control 
group (Fig. 3A and B), the Cd exposed group, the renal 
tissue structure was obviously destroyed, the glomerulus 
was atrophied, the renal tubules were deformed and 
vacuolated. The cell structure was disordered and 
degenerated, and the boundary of cell membrane was 
blurred. In the Cd + Nar co treatment group, the renal 
tissue structure was basically intact compared with the Cd 
treatment group, a small part of the cell structure damage 
(Fig. 3B and D), normal globular, no obvious disease. 
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Furthermore, the histopathological changes of renal 
tissue were scored and quantified by the members of the 
experimental team (Fig. 4). In comparison to the control 
group, the renal pathological score in the Cd-treated group 
increased remarkably (p< 0.05); in comparison to the 
Cd-treated group, the renal pathological score in the Cd 
+ Nar co-treated group decreased remarkably (p< 0.05). 
These results suggest that Nar has a protective effect on Cd 
induced renal injury.

Fig. 3. Effect of naringenin on cadmium induced kidney 
injury in rats (H and E, 400×, scale bar = 50 μm). Kidney 
sections from control rats showed normal glomerular and 
tubular histomorphology. In the cadmium exposure group, 
the glomerulus was shrunk and the tubular structure was 
damaged. The structural damage of glomeruli and renal 
tubules was alleviated in Nar and Cd co treated group. 
(A) control group; (B) Cd-treated group; (C) Nar-treated 
group; (D) Cd + Nar-treated group.

Fig. 4. The pathological scores of kidney tissues in 
different treatment groups were evaluated by members of 
the experimental group, and three independent experiments 
were repeated. *, indicates significant difference compared 
with the corresponding control (*P < 0.05). #, indicates 
statistically significant difference between the Cd and Cd 
+ Nar groups (#P < 0.05).

DISCUSSION
 
Cd enters the human body in several manners, and 

the effect of Cd pollution on human health is increasingly 
serious (Arab-Nozari et al., 2020). As one of the important 
storage locations, the kidney is seriously damaged by 
Cd (Egger et al., 2019). In addition, Cd could cause 
oxidative damage to the body, and Nar is an antioxidant 
(Kanaze et al., 2007). Previous studies have shown that 
Cd could cause kidney damage in rats, and it was related 
to the occurrence of oxidative stress (Mouro et al., 2021). 
However, no evidence could explain if Nar could reduce 
the oxidative stress caused by Cd.

Cd could cause various symptoms of anemia, 
leading to changes in the morphology of red blood 
cells, which could be detected by blood physiological 
indicators (Fujiwara et al., 2020). Therefore, the present 
study determined the effect of Cd and Nar on rat blood 
by detecting changes in blood physiological indicators, 
such as RBC, HGB, and HCT. Compared with the control 
group, the Cd-treated group showed a significant decrease 
in RBC, HGB, and HCT in the blood, indicating that Cd 
could inhibit the production of red blood cells (Zhang 
et al., 2018). The significant decrease of RBC indicated 
that Cd exposure had an adverse effect on erythropoiesis 
(Nemmiche et al., 2007). The decrease in hemoglobin 
content may be related to the increase in the rate of red 
blood cell damage or the decrease in the production rate of 
red blood cells. Therefore, the decrease in HCT indicates 
that Cd is one of the causes of anemia (El-Demerdash et 
al., 2004). Compared with the Cd-treated group, the Cd + 
Nar-treated group exhibited significantly increased blood 
RBC and HGB levels, indicating that Nar can resist the 
damage of blood physiological function caused by Cd to a 
certain extent by increasing the number of blood cells and 
the content of haemoglobin (Khan et al., 2020). 

GSH is an important antioxidant found in cells. It 
could decompose antioxidant substances in the body, 
remove excess free radicals, and maintain normal immunity 
in the body (Kamiyama et al., 1995). Some studies have 
shown that Cd can interact with -SH in GSH (Almeer 
et al., 2018), which is the main intracellular defense 
substance, leading to ROS generation, lipid peroxidation 
and oxidative damage. SH consumption is one of the 
important mechanisms of Cd induced oxidative stress, 
especially in oxidative phosphorylation and detoxification. 
These processes are the final cause of ROS accumulation 
(Wang et al., 2020b). Therefore, changes in GSH content 
could reflect the degree of oxidative damage to cells 
(Odewumi et al., 2011). MDA is an important product of 
lipid peroxidation, which is related to oxidative damage 
to the body (Tsikas, 2017). The increase of MDA content 
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is a marker of membrane lipid peroxidation and cell 
damage (El-Desoky et al., 2018). Therefore, the content 
of MDA could reflect the degree of oxidative damage 
suffered by the body, and antioxidant drugs could reduce 
the content of MDA in damaged tissues (Nemmiche et al., 
2007; Lemarie et al., 2004). In this experiment, compared 
with the control group, the GSH and MDA content in the 
kidney of the Cd treated group was significantly increased, 
which confirmed that the toxicity of Cd caused excessive 
accumulation of free radicals, resulting in oxidative stress, 
and the increase of lipid peroxides in the tissue, leading 
to renal damage and dysfunction (Wu et al., 2017). The 
4-hydroxyl group on Nar β ring is electron-donating, which 
can contact with the target free radical and quench the free 
radical. Therefore, it can protect the cell membrane from 
the attack of free radicals, and reduce lipid peroxidation 
(Zhang et al., 2020). In addition, the lipophilic properties 
of Nar effectively help it adhere to the lipid bilayer, reduce 
the formation of free radicals and protect cell membranes 
(Honohan et al., 1976). The significant decrease in the 
content of GSH and MDA in the Cd + Nar-treated group 
compared with that in the Cd-treated group proved that 
Nar could enhance the antioxidant capacity of tissues by 
reducing the formation of free radicals and reduce the 
oxidative damage caused by Cd (Abaza et al., 2015).

CAT is the most important antioxidant protein that 
removes free radicals in the body (He et al., 2017). It could 
catalyze the decomposition of H2O2 to produce H2O and 
O2, hence often used to judge the oxidation status in the 
body (Xu et al., 2018). T-SOD is an antioxidant that could 
remove free radicals in the body and protect the body 
from the influence of oxygen free radicals (Sinha et al., 
2009). Under normal circumstances, the enzyme system 
in the body plays an important role in scavenging free 
radicals and maintaining the balance of tissue cells (Sies, 
2015); however, when the body is subjected to harmful 
stimuli from the external environment, the oxidation and 
antioxidant balance of the tissues in the body is broken 
(Sinha and Dabla, 2015), and oxidative stress occurs (He 
et al., 2017; Possik and Pause, 2015). In the present study, 
compared with the control group, the Cd-treated group 
demonstrated significantly reduced contents of CAT and 
T-SOD in the kidney tissue, proving that Cd exposure 
caused oxidative damage to the body, consumed a large 
amount of CAT and T-SOD produced by the body, and 
destroyed the balance of oxidation and antioxidant in the 
body. Compared with the Cd-treated group, the Cd + Nar 
treatment group, CAT and SOD contents were significantly 
increased in kidney tissue, indicating that Nar can inhibit 
oxidative stress induced by H2O2, relieve the consumption 
of T-SOD, increase CAT activity, and finally reduce the 
damage caused by Cd (Cheng et al., 2021). 

In the pathological section of rat kidney tissue, various 
structures in the kidney tissue of the Cd-treated group 
showed varying degrees of damage (Jihenel et al., 2008; 
Brzóska et al., 2004). Kidney sections from control rats 
showed normal glomerular and tubular histomorphology. 
Rats in the Cd exposed group, the renal structure of was 
damaged, glomerular shrinkage, tubular structure was 
deformed and vacuolated (marked by arrows) (Wang et 
al., 2013). The structural damage of glomeruli and tubules 
was alleviated in Nar and Cd co treated group (El-Nekeety 
et al., 2009). This finding may be caused by the increased 
lipid peroxidation reaction caused by free ions in the 
kidney tissue due to Cd exposure, and the accumulation of 
free radicals eventually leads to extensive kidney disease 
(Skipper et al., 2016; Koyu et al., 2006). The renal tissue 
structure of Cd + Nar co treatment group was relatively 
complete, indicating that Nar can effectively reduce the 
renal damage caused by Cd by alleviating oxidative stress.

CONCLUSIONS

This study confirmed that Cd could lead to changes 
in the blood physiological and biochemical indexes of 
rats, the kidney toxicity induced by Cd in rats is related to 
oxidative stress, and Nar could inhibit the toxic effect of 
Cd by reducing the occurrence of oxidative damage. This 
study provides a theoretical basis for the treatment of Nar 
on Cd poisoning.
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