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______________________________________________________________________________________________________________ 

 Abstract: The aim of the present study was to investigate histological  changes in the kidney of rats  induced by 

cadmium and to evaluate the protective role of jamun (Syzygium cumini) seed and orange (Citrus sinensis) peel 

extracts. Male Wistar rats were divided into six groups – Group A: Control; Group B: Cadmium (Cd); Group C: 

Cadmium and jamun seed extract (Cd+ JSE); Group D: Cadmium + orange peel extract (Cd + OPE) ; Group E: Orange 

peel extract (OPE); Group F: Jamun seed extract (JSE). The Cadmium dose was 10 mg/kg b wt whereas orange peel 

and jamun seed extract dose was 200 mg/kg b wt/ day for 14 day. For light microscopy kidney were fixed on 7 and 

14 day following  the treatment. 7 day Cd (Group B) treated rats exhibited shrunken glomeruli . In Cd+ JSE  (Group 

C) and Cd + OPE (Group D) treated rats for 7 days, similar changes were noticed but to a lesser extent. Kidney of rats 

treated for 7 day with OPE and JSE have not shown any remarkable histological change. The kidney of 14 day Cd 

(Group B) treated rats revealed tubular degeneration and glomerular hypertrophy. In Cd+ JSE (Group C) and Cd + 

OPE (Group D) treated rats for 14 day, the kidney exhibited changes similar changes (as noticed in Cd treated rats) 

except degeneration of renal tubules. Kidney of rats treated for 14 day with OPE and JSE have not shown any 

remarkable histological change. From the present study it can be concluded that Cd caused histological changes in 

the kidney of rats. These changes can be protected by supplementing with OPE  and JSE.   

 Keywords:  Cadmium,  Syzygium cumini, Citrus sinensis, Antioxidant, Nephrotoxicity, Heavy metal,  Glomerulus 

Citation: Srivastava Akansha, Upadhyay R. K., Srivastav Sunil K., Suzuki Nobuo and Srivastav Ajai K.: Protective 

effects of jamun (Syzygium cumini) seed and orange (Citrus sinensis)  peel extracts against cadmium induced 

nephrotoxicity in rats. Intern. J. Zool. Invest. 10(2): 1149-1158, 2024.  

 

https://doi.org/10.33745/ijzi.2024.v10i02.112 

This is an Open Access Article licensed under a Creative Commons License: Attribution 4.0 International (CC-BY). It 

allows unrestricted use of  articles in any medium, reproduction and distribution by providing adequate credit to the 

author (s) and the source of publication. 

            ______________________________________________________________________________________________________________ 

 

Introduction 

Heavy metals are high atomic weight elements 

with a density of at least five times that of water. 

Heavy metals (HMs) are naturally occurring, dense 

substances that can accumulate in the 
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environment and in organisms, posing health risks 

(Tchounwou et al., 2012; Rajkumar et al., 2024). 

Heavy metal contamination is a serious 

environmental issue that occurs when they are 

released into the soil, water and atmosphere. 

Heavy metals are toxic and can persist in the 

environment for a long time. They can harm the 

health of plants and animals and can cause serious 

disorders. Some common heavy metals are Pb, Hg, 

As, Cd and Tl. Heavy metals can enter the 

environment through a number of sources 

including industrialization, air deposition, farm 

yard manure, sewage sludge, synthetic fertilizers 

and improper waste disposal. Heavy metals can 

contaminate the foods including cereals, rice and 

wheat and the animal food like fish, crustacean 

and mollusc. Metallic chemical elements and 

metalloids that are hazardous to both organisms 

and the environment are referred to as "heavy 

metals" (Duffus, 2002; Briffa et al., 2020). 

Numerous biological processes, such as signal 

transduction pathways, cell division, proliferation, 

and apoptosis, have been affected by exposure to 

cadmium. The harmful non-essential transition 

metal cadmium (Cd) is a major global health 

concern for both humans and animals (Genchi et 

al., 2020). Cadmium is found in cigarette smoke, 

metal plating and batteries. Cadmium is present in 

soil, water bodies, and food chains as a result of 

human activity. Its toxicity poses a potential threat 

to the environment in which we live. According to 

Pajewska-Szmyt et al. (2019) the exposure to 

cadmium causes allergies, endocrine system 

problems, and has a major negative impact on an 

infant's neurodevelopment. Exposure to cadmium 

provoke nephrotoxicity (Orisakwe et al., 2014; 

Tripathi and Srivastav, 2011).  

According to Ponce et al. (2013), cadmium is a 

widespread environmental pollutant linked to the 

development of breast cancer. As a potent 

carcinogen and inducer of antioxidant enzymes, 

cadmium (Cd) is a non-essential transition metal 

that complexes with glutathione (GSH) and 

metallothionein (MT). The most effective defense 

against oxidative stress caused by Cd is provided 

by these enzymes. Moreover, chaperone 

expression and the avoidance of mitophagy, 

metabolic stress, and endoplasmic reticulum (ER) 

stress are protective strategies (Sandbichler et al., 

2016). According to several reports, antioxidants 

such as vitamin C and E can shield various 

experimental animals against cadmium-induced 

damage (Flora et al., 2008). A combination of 

selenium, alpha-tocopherol, and ascorbic acid may 

be useful in preventing cadmium toxicity in rats. In 

the intestine of rats, this led to an increase in lipid 

peroxidation and a drop in glutathione levels. This 

combination demonstrated a shielding effect 

against intestinal cadmium poisoning. (Bolkent et 

al., 2008). Vitamins A, C, E, and selenium can, in 

fact, prevent or lessen the harmful effects of 

cadmium on a variety of tissues and organs, 

including the kidney, liver, skeleton, and blood. 

The other elements, magnesium and zinc, have a 

wide range of therapeutic uses.  

Reactive oxygen species (ROS), such as 

superoxide anion radicals, hydrogen peroxide, and 

hydroxyl radicals, are produced by aerobic 

organisms during oxidative metabolism. Hydroxyl 

can start the lipid peroxidation (LPO) process in 

tissues (Halliwell and Gutteridge, 1984). Reactive 

oxygen species (ROS) or free radicals specific to 

heavy metals are produced by the metal and put 

cells under oxidative stress. These lead to 

Carcinogenesis, apoptosis of the cells, damaged 

DNA, and poor DNA repair,  cell injury and 

peroxidation of lipids in the cell membrane, the 

protein enzymes become inactive, stopping the 

folding of protein, aggregation of proteins, 

modifications in conformation that impair their 

structure and function and harm cells (Rajkumar 

et al., 2024).  

Reactive oxygen and nitrogen species are 

produced by heavy metals inside the body, which 

leads to an imbalance between prooxidant and 

antioxidant (reducing) components. It has been 

found that heavy metals affect the signaling 

cascade and related apoptotic components 

(Pompilio et al., 2021). 

Vertebrates  have an antioxidant defense (AD)  
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system that uses both enzymatic and non-

enzymatic mechanisms to counteract the harmful 

effects of reactive oxygen species (ROS). 

Superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidase (GPX), and glutathione 

reductase (GR) are examples of enzymatic 

defenses; vitamins E, C, and A, carotenes and 

ubiquinol 10 are examples of non-enzymatic 

defenses (Filho, 1996). Oxidative stress is caused 

by either an increase in ROS generation or a 

decrease in the activity of these antioxidant 

defense systems (Packer, 1995). It has been 

documented that oxidative stress in vertebrates is 

induced by microcystins (Wiegand et al., 1999; Li 

et al., 2003), pesticides (Sayeed et al., 2003), 

metals (Almeida et al., 2002), and pulp mill 

effluents (Filho et al., 1997).  

The aim of the present study was to 

investigate histological  changes in the kidney of 

rats  induced by cadmium and to evaluate the 

protective role of jamun (Syzygium cumini) seed 

and orange (Citrus sinensis) peel extracts. 

Materials and Methods 

Male Wistar rats (40- 65 g) were purchased from 

Asia Scientific Emporium (Varanasi, India). The 

rats were housed in polypropylene cages in a 

hygienic environment and acclimatization was 

done for 2 weeks prior to the initiation of 

experiment. During acclimatization and 

experimental period, the rats were fed with the 

standard laboratory diet and water ad libitum. 

  Six groups (A-F) of rats (n = 10 for each group) 

were randomly selected for the experiment. These 

groups were treated as follow (daily at 8 a.m. 

through  orally) for 14 day:  

 Group A (Control):  No treatment was given. 

Group B (Cadmium treated rats): These rats 

received daily only cadmium (10 mg/kg b wt). 

Group C (Cadmium + jamun seed extract): These 

rats received daily cadmium (10 mg/kg  b wt) and 

jamun seed extract (200 mg/kg b wt)     

simultaneously.     

Group D (Cadmium + orange  peel  extract):  These  

rats received daily cadmium  (10 mg/kg b wt)    

and orange peel extract (200 mg/kg b wt) 

simultaneously. 

Group E (Orange peel extract): Rats were given 

daily orange peel extract (200  mg/kg b wt). 

Group F (Jamun seed extract): Rats were given 

daily jamun seed extract (200 mg/kg b wt). 

Rats (5 from each group on each interval) 

were sacrificed on 7th and 14th day 24 h after the 

last dose under light anesthesia. Prior to the 

sacrifice, the animals were fasted overnight.  

  Syzygium cumini (jamun) seeds were acquired 

from a commercial supplier (M/S SVM Naturals, 

Tamil Nadu, India). Oranges (Citrus sinensis), were 

bought  locally and the peels were separated. The 

orange peels and jamun seeds were washed 

thoroughly with  tap water and were dried at 40℃ 

in a hot air oven. These were ground into powder. 

The powdered orange peel and jamun seeds were 

mixed with 90% ethanol in a 1:20 (w/v)  ratio and 

left for 48 h on an orbital shaker. The samples 

were then put through a Whatman Grade No. 1 

filter paper. 40℃ was used to dry the filtrates in a 

rotary evaporator. For later use, the dried residue 

was weighed and stored at -20℃. To keep the 

heat-labile compounds found in orange peels and 

jamun seeds from becoming denatured, Soxhlet 

extraction was not utilized in this extraction 

procedure. Rats were given the appropriate 

dosage by reconstituting the dried residues of 

orange peels and jamun seeds with ethanol.   

Kidney tissues were fixed in Bouin’s fluid. The 

kidney tissues were processed following routine 

histological procedure after paraffin embedding. 

Sections were cut at 6 µm and stained with 

hematoxylin and eosin (HE). Olympus CH20i 

microscope and Olympus E420 camera was used 

to obtain photomicrographs.   

Results  

The kidney of control rats contains many 

nephrons. The nephron consists of a dilated 

portion, the renal capsule, the proximal tubule, 

Loop  of  Henle  and   the   distal  tubule.  The  renal 
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Fig. 1: Kidney of control rat showing glomerulus. HE×500 

 

Fig.  2: Kidney of 7 day Cadmium exposed rat showing shrunken  glomerulus (arrows). HE×100 

 

Fig. 3: Kidney of 14 day Cadmium exposed rat showing glomerular hypertrophy.  HE×500 
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Fig.  4: Kidney of 14 day Cadmium exposed rat showing tubular degeneration (arrows). HE×500 

 

Fig. 5:  Kidney of 14 day Cadmium exposed rat showing degenerated glomerulus (arrows). HE×500 

capsules contain a tuft of capillaries, the 

glomerulus surrounded by Bowman’s capsule (Fig. 

1). Urinary space is present between gomerulus 

and Bowman’s capsule. Proximal tubule is lined by 

cuboidal or columnar epithelium while the distal 

tubule is lined by  cuboidal epithelium. 

After 7 day following cadmium treatment 

(Group B), certain shrunken glomeruli were 

visible, creating more gap between the glomerulus 

and Bowman's capsule (Fig. 2). In rats from Group 

C (Cd + OPE) and Group D (Cd + JSE) similar 

changes were observed but to a lesser extent. In 

Group E (OPE) and Group F (JSE) rats, no 

alterations in the kidney morphology were 

noticed. 

After 14 day of cadmium treatment (Group B), 

hypertrophied glomeruli were visible at few 

places (Fig. 3). The proximal and distal tubules 

were also degenerating (Fig. 4). In Cd treated rats 

glomerulus showed degeneration at certain places 

(Fig. 5). Group C (Cd + JSE) and Group D (Cd + 

OPE) rats showed similar changes (as observed in 

Cd treated rats) except degeneration of tubules. 

No change in  glomerulus is noticed in Group E 

(OPE) and Group F (JSE) rats. 

Discussion 

In the current investigation, rats exposed to 

cadmium showed histological changes in kidney. 

Exposed rats exhibited glomerular shrinkage on 

day 7. In accordance with present study 

glomerular shrinkage was also seen in rats by 

other investigators after exposure to different 

toxicants/drugs - paraquat (Abdel-Mageid, 1994); 

Lithium (Sharma and Iqbal, 2005); Aluminium 

chloride (Okail et al.,  2005); chlorpyrifos (Tripathi 

and Srivastav, 2010, Rekha et al., 2013);  cadmium 

(Tripathi and Srivastav, 2011); 2, 3, 7, 8-

tetrachlorodibenzo-p-dioxin (Ciftci et al., 2012); 

Triazophos (Sharma and Sangha, 2014); 

Endosulfan (Khan, 2014); Silver (Roda et al., 

2014); Malathion (Mamun et al., 2015); Abmactin 

(Moqbel et al., 2017); Mercuric chloride 

(Langeswaran et al., 2018); 2,4-D (Upadhyay et al., 

2018); MCLR (Srivastava et al., 2020); 
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Cypermethrin (Srivastava et al., 2021) and  

Bisphenol-A (Ishtiaq et al., 2022). 

Cadmium treatment to rat showed glomerular 

degeneration on day 14. Tripathi and Srivastav 

(2011) have also reported glomerular 

degeneration after exposure to cadmium. In 

vertebrates few researchers have observed 

glomerular degeneration caused by various 

toxicants/drugs in rat- paraquat (Lamfon and Al-

Rawi, 2007); chlorpyrifos (Tripathi and Srivastav, 

2010, Mansour and  Mossa,  2010, Rekha et  al., 

2013); lead (EI-Newesy and EI-Sayed, 2011);  

gentamicin (Alrifi et al., 2012); deltamethrin (EI- 

Gerbed, 2014); triazophos (Sharma and Sangha, 

2014); abmactin (Moqbel et al., 2017); MCLR 

(Srivastava et al., 2020) and cypermethrin 

(Srivastava et al., 2021). After treatment with 

chlorpyrifos (Srivastava et al., 1990); cadmium 

(Wangsongsak et al., 2007); deltamethrin (Cengiz, 

2006); microcystin (Atencio et al., 2008, Suput, 

2011); and cypermethrin (Korkmaz et al., 2009) 

glomerular degeneration have been reported in 

fishes. Aslam et al. (2009) reported glomerular 

degeneration in chick after cypermethrin 

exposure. Rats exposed to paraquat exhibited 

amorphous cellular debris in their glomerulus 

(Lamfon and Al-Rawi, 2007). Due to glomerular 

degeneration in cadmium-treated rats in the 

present study, there may be a decrease in GFR, as 

observed by Barrouillet et al. (1999) in their in 

vitro cadmium exposure study. 

Rats treated with cadmium showed tubular 

degeneration and vacuolization on day 14. Earlier, 

other researchers have also reported tubular 

degeneration in vertebrates exposed to other 

toxicants -  fish (chlorpyrifos- Srivastava et al., 

1990; cadmium- Rabergh et al., 1991; Kotak et al., 

1996;  Wangsongsak et al., 2007; microcystin- 

Atencio et al., 2008; cypermethrin - Ayoola and 

Ajani, 2008); quail (lead– Almansour et al., 2008); 

chick (cypermethrin- Aslam et al., 2009); wood 

mouse and whitetoothed shrew (landfill leachates 

containing toxic metals- Sanchez-Chardi et al., 

2009); monkey (lead- Colle et al., 1980); mice 

(chlorpyrifos- Thijssen et al., 2007; microcystin- 

Rangel et al., 2014; Al-Sultan et al., 2015; Al-

Majeed et al., 2016); rabbit (fluoride – Shashi et al., 

2002). In rat, tubular degeneration  has also been 

noticed after treatment with different 

toxicants/drugs - chlorpyrifos (Aughey et al., 

1984; Karmakar et al., 1986; Gatta et al., 1989; 

Brzoska et al., 2003; Abdel-Moneim and Said, 

2007; Kukner et al., 2007; Jihen et al., 2008; 

Tripathi and Srivastav, 2010; Rekha et  al.,  2013; 

Tanvir et al., 2016); microcystin (Hooser et al., 

1989; Suput et al., 2011, Srivastava et al., 2020); 

metal mixture (Jadhav et al., 2007); paraquat 

(Damain et al., 1992; Abdel Mageid, 1994; Lamfon 

and Al-Rawi, 2007); fenthion (Kerem et al., 2007); 

cigarette smoke (Kuru et al., 2009); cadmium 

(Brozska et al., 2003; Tripathi and Srivastav, 

2011); cypermethrin (Muthuviveganandavel et al., 

2008; Srivastava et al., 2021); Lead (EI-Newesy 

and EI-Sayed, 2011); Gentamicin (Abdel-Raheem 

et al., 2009; Alrifi et al., 2012; 2,4-D-Tayeb et al., 

2012; Upadhayay et al., 2018); zinc (Faddah et al., 

2012); streptozotocin (Omara et al., 2012); 

Monosodium glutamate (Dixit et al., 2014); 

Deltamethrin (EI- Gerbed, 2014); Endosulfan 

(Khan,2014); Lead acetate (Aksu et al., 2017); 

Abmactin (Moqbel et al., 2017); Cymoxanil 

(Ahmed et al., 2020). However, Velisek et al. 

(2009) did not find any alterations in the kidneys 

of fish treated with bifenthrin. 

In the present investigation, rats treated with 

cadmium showed glomerular hypertrophy  after 

14 day which is supported from the observations 

by other researchers who have reported 

glomerular hypertrophy  in the kidney in 

vertebrates exposed to different toxicants: 

cadmium – (Aughey et al., 1984; Brzoska et al., 

2003; AbdelMoneim and Said, 2007; Tripathi and 

Srivastav, 2011); Gentamicin – (Abdel-Raheem et 

al., 2009; 2,4 D - Tayeb et al., 2012); chlorpyrifos – 

(Mansour and  Mossa,  2010; Rekha et  al., 2013; 

Tripathi and Srivastav, 2011); Acacia nilotica pod 

extract - (Omara et al., 2012); heterogenous 

chemical mixture– (Morya and Vachhrajani, 

2014); fenitrothion– (Afshar et al., 2008); 

malathion – (Hafez et al., 2017). Similar 

observations were also noticed in rabbit (fluoride 
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– Shashi et al., 2002) and quail (lead – Almansour 

et al., 2008).  

Hydrolic changes in the renal tissue may be 

the cause of kidney abnormalities brought on by 

toxicants, such as tubular degeneration and 

vacuolization.. These alterations clearly show that 

toxicants cause both renal dysfunction and induce 

renal failure via pump transport of tubular cells 

(Srivastava et al., 2020, 2021). 

Conclusion 

It is concluded that cadmium exposure adversely 

affects the histological structure of the kidney of 

the rats. The alterations observed in the structure 

of kidney after cadmium exposure could be 

protected by the supplements obtained from the 

extracts of jamun seed and orange peel. It is 

suggested that living beings after their exposure to 

cadmium should intake supplements of these 

given extracts (which contain phytochemicals) 

which would help in the reduction of cadmium 

toxicity. 
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