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Abstract 

The biochemical effects of exposure to potassium dichromate (K₂Cr₂O₇) and tin chloride (SnCl₂) on 
important liver and kidney function parameters and oxidative stress markers in experimental groups 
compared to controls are evaluated in this study. Male animals were split into three groups: a control 
group, a group that received K₂Cr₂O₇, and a group that received SnCl₂. Biochemical parameters, such 

as total protein, albumin, bilirubin, urea, creatinine, glucose, liver enzymes (AST and ALT), and plasma 

TBARS, were measured. The results showed that the K₂Cr₂O₇ and SnCl₂ groups had significantly lower 

levels of total protein and albumin than controls, indicating impaired protein synthesis. With SnCl₂ 
having a more noticeable effect, bilirubin levels were higher in the experimental groups, indicating 
hepatic impairment. Urea and creatinine levels rose as a result of both toxicants, indicating renal 
impairment, especially in the K₂Cr₂O₇ group. Both therapy groups had noticeably higher glucose levels, 
which is an indicator of metabolic problems. In line with hepatocellular damage, the experimental 
groups' hepatic enzyme activity (AST and ALT) was noticeably elevated. Furthermore, lipid peroxidation 

marker TBARS levels were markedly increased, indicating increased oxidative stress, with K₂Cr₂O₇ 
showing a greater effect. In summary, exposure to K₂Cr₂O₇ and SnCl₂ resulted in notable biochemical 
changes, with K₂Cr₂O₇ exhibiting more marked oxidative and nephrotoxic effects and SnCl₂ having a 
greater influence on hepatic function and protein synthesis. These results highlight the necessity of 
more investigation into these chemicals' toxicological processes. 
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Introduction 

Because of their impact on both the environment and people, anthropogenic activities have emerged as a 
major area of study interest [1]. The atmosphere has been greatly affected by unchecked pollution brought 

on by human activity, which has changed biodiversity [2]. Waste that is harmful and useless is produced as 

a result of this phenomenon. Toxic heavy metals like chromium in the hexavalent form are produced by 

anthropogenic processes such electroplating, mining, wood preservation, textile, dye, and stainless-steel 

production, as well as leather tanning [3]. Air, water, and soil are the three main ways that toxic chromium 
enters the environment [4]. 

Because of its mutagenicity, toxicity, and carcinogenicity, chromium is one of the main causes of acute 

illnesses in humans [5]. The United States Environmental Protection Agency (US EPA) has listed and 

classified hexavalent chromium as a hazardous, high-risk chemical to humans and the environment that is 

difficult to degrade naturally [6]. It permeates cell membranes with the help of the membrane's sulphate 

anion transport system and is then reduced to other lower oxidation states, which causes accumulation in 
different organs and sets off a chain reaction of reactive oxygen species (ROS) and organ damage [7]. 

Because of their toxicity and long-term effects on living things, heavy metals like tin and chromium are 

ubiquitous environmental contaminants that have attracted more attention recently. Hexavalent chromium 

(Cr(VI)), which is the most hazardous because of its high solubility and capacity to produce free radicals 

that cause oxidative stress and cellular damage, is one of the different oxidation states of chromium (Cr) [8]. 
The main source of chromium pollution in the environment is industrial processes that discharge large 

amounts of Cr(VI) into water systems, such as electroplating, leather tanning, and pigment manufacture [9]. 

In a similar vein, tin (Sn) compounds, which are extensively utilized in industrial processes such as the 

manufacturing of plastics, coatings, and cans, have the potential to seep into aquatic habitats and cause 

creatures to bioaccumulate [10]. Particularly known for their endocrine-disrupting properties and capacity 

to change mammalian metabolic pathways are organ tin compounds. Immune suppression and hepatic and 
renal failure can result from long-term exposure to tin and its compounds [11].  

Because their metabolic pathways are comparable to those of humans, rabbits are frequently used as 

experimental models and offer important insights into the biochemical and physiological effects of heavy 

metal toxicity. Research has indicated that rabbits exposed to chromium and tin exhibit significant changes 

in their antioxidant defenses, lipid peroxidation levels, and serum enzyme activity [12]. These biochemical 
alterations stress the necessity to assess preventative measures against these metals' detrimental effects in 

addition to highlighting their hazardous potential [13].  
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The purpose of this study is to examine the biochemical effects of chromium and tin exposure in male 

rabbits, with an emphasis on oxidative stress indicators and liver and kidney function. To reduce the threats 

to the environment and human health posed by heavy metal contamination of water and the wider 

ecosystem, it is essential to comprehend these consequences. 

 

Methods 
Tested compound  

This study examined how male rabbits' liver function and free radicals were affected by potassium dichromat 

(5 mg/kg; K2Cr2O7) and stannous chloride (20 mg/kg; 400g/L; SnCl2). Stannous chloride and potassium 

dichromat were brought from Omar Al-Mokhtar University's chemistry department in the faculty of science. 
 

Animals and treatments 

New Zealand's mature male White rabbits weighing 1.891 ± 27.6 kg at birth and 6 months of age were 

utilized. The animals were kept in separate cages and weighed once a week for the duration of the three-

month trial. Water and food were given freely. 30% berseem (Trifolium alexandrinum) hay, 25% yellow maize, 

26.2 percent wheat bran, 14% soybean meal, 3% molasses, 1% CaCl2, 0.4% NaCl, 0.3% mineral and vitamin 
mixture, and 0.1% methionine were among the pellets that the rabbits were fed. 

The following IU/gm of vitamins or minerals were present in the vitamin and mineral premix per kilogram: 

B12-0.004 g, B5-16.7 g, vitamin A-4000,000, vitamin D3-5000,000, vitamin E-16.7 g, K-0.67 g, vitamin B1-

0.67 g, vitamin B2-2 g, vitamin B6-0.67 g, (Rabbit premix made by Holland Feed Inter. Co.) 6.67 g of 

pantothenic acid, 0.07 g of biotein, 1.67 g of folic acid, 400 g of choline chloride, 23.3 g of zinc, 10 g of Mn, 
25 g of Fe, 1.67 g of Cu, 0.25 g of I, 0.033 g of Se, and 133.4 g of magnesium.  

The pellets' chemical analysis [14] revealed that their DM base constituted 62.4% nitrogen free extract, 

15.8% crude protein, 11.3% crude fiber, 3.7% ether extract, 7.2% ash, and 92.9% organic matter. Groups 

2 and 3 received gavage treatment with SnCl2 at a lethal dose of 20 mg/kg B.W./day (1/50 of SnCl2), while 

the first group served as a control [15]. For 12 weeks in a row, rabbits were given K2Cr2O7 by gavage every 

day at a lethal dose of 5 mg/kg B.W/day (1/50 of DM) [16]. 
 

Blood biochemical parameters and enzyme activities 

The remaining portion of the separated blood samples was promptly put on ice. Samples were centrifuged at 

860 xg for 20 minutes to produce plasma, which was then kept at -20°C until it was needed for analysis. 

Total protein (TP) was measured in stored plasma samples using the Biuret method in accordance with [17]. 
The method of [18] was used to quantify the concentration of albumin (A).  

The methods described in references [19–21], were used to measure the concentrations of creatinine, urea, 

and plasma glucose, respectively. The method outlined in [22] was employed to assess the activity of plasma 

aspartate transaminase (AST; EC 2.6.1.1) and alanine transaminase (ALT; EC 2.6.1.2). Additionally, the 

thiobarbituric acid-reactive substances (TBARS) in plasma were measured following the technique described 

in [23]. 
 

Statistical analysis 

The mean ±SEM was used to express the collected data. The Tukey test and one-way ANOVA were used to 

evaluate the significant differences. Less than 0.05 is regarded as significant following the identification of 

the data's normal distribution and the corresponding P-values. 
 

Results 
In contrast to the control group, the results show notable changes in the biochemical parameters across the 

experimental groups, indicating the effects of exposure to K₂Cr₂O₇ and SnCl₂ on liver and kidney function 

as well as oxidative stress indicators.In comparison to the control, the K₂Cr₂O₇ and SnCl₂ groups exhibited 

lower amounts of total protein and albumin. This decrease points to compromised protein synthesis, most 

likely brought on by the toxicants' hepatocellular injury. The SnCl₂ group's more noticeable drop in albumin 

levels lends credence to its perhaps more powerful hepatotoxic impact. The experimental groups' bilirubin 

levels were noticeably higher, with the SnCl₂ group showing the highest amounts. As bilirubin buildup is a 

sign of hepatic insufficiency, this suggests impaired liver function and potential hemolysis. Both the K₂Cr₂O₇ 
and SnCl₂ groups had elevated urea and creatinine levels, which indicate renal failure; the creatinine rise is 

most noticeable in the K₂Cr₂O₇ group. This implies that exposure to K₂Cr₂O₇ is linked to increased 

nephrotoxicity. The K₂Cr₂O₇ and SnCl₂ groups showed hyperglycemia, suggesting possible metabolic 

abnormalities.  

Stress-related hormonal changes or oxidative damage-induced decreased insulin function might be the 
cause of the high glucose levels. Hepatocellular damage is highlighted by the significant rise in ALT and AST 

activity in the experimental groups. In comparison to SnCl₂, the K₂Cr₂O₇ group exhibits greater enzyme 

levels, which may indicate a more severe hepatotoxic effect. The K₂Cr₂O₇ and SnCl₂ groups had considerably 

greater amounts of TBARS, a hallmark of lipid peroxidation, with the K₂Cr₂O₇ group having the highest 
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levels. This is consistent with the reported biochemical changes and suggests increased oxidative stress. All 

things considered, our results highlight the oxidative, hepatotoxic, and nephrotoxic effects of K₂Cr₂O₇ and 

SnCl₂.  
Although both substances significantly altered biochemical measures, SnCl₂ had a greater influence on 

protein synthesis and the K₂Cr₂O₇ group had a more noticeable effect on indicators of oxidative stress and 

renal function. To clarify the underlying processes of these harmful consequences, more investigation is 

required. 

 
Table 1. Plasma biochemistry of male rabbits treated with (K2Cr2O7) and (SnCl2)and their 

combination 

Parameter 

 

Experimental groups 

Control 
means ± SE 

K2Cr2O7 
means ± SE 

SnCl2 
means ± SE 

Total protein (g/dl) 6.8 ± 0.100ab 6.4 ± 0.9a 6.5 ± 0.128b 

Albumin (g/dl) 4.0 ± 0.060 b 3.7 ± 0.17c 3.6±0.109c 

Bilirubin (mg/dl) 1.5 ± 0.019b 1.68 ± 0.038c 1.7 ± 0.030a 

Urea (mg/dl) 39.0 ± 0.512a 46.45 ±1.70a 45.0±1.816a 

Creatinine (g/dl) 0.77 ± 0.042b 1.34 ± 0.09a 1.19 ± 0.084a 

Glucose (mg/dl) 116.0 ± 0.503b 123.0 ±1.55a 119.0±0.837a 

AST(U/L) 41.19 ± 1.652a 47.7 ±2.2a 46.09 ± 3.078a 

ALT(U/L) 44.01 ± 1.149b 59.09 ± 3.36a 56.04 ± 2.844a 

TBARSplasma (nmol/ml) 1.106  0.094c 3.069  0.08a 2.70  0.03b 
Means ± SE are used to express values; each treatment group has n = 15. Significant differences (p<0.05) were observed between 

mean values within a row that did not share a common superscript letter (a, b, c, d). 

 

Discussion 

Blood total protein and albumin levels, together with the activity of blood enzymes like ALT and AST, have 

been identified as important indicators of hepatic damage and function [24]. The primary cause of the rise 
in AST and ALT activity in the serum of rabbits given SnCl2 is the enzymes' leaking into the bloodstream 

from the liver cytosol [25]. In these situations, the activity of AST is greatly elevated and escapes from the 

damaged hepatic cells into the plasma. Furthermore, because the liver contains vast amounts of this 

enzyme, the ALT level is useful in detecting the presence of liver disorders. When this organ experiences 

cellular degeneration or destruction, its level in serum rises [26]. This was supported by a histopathologic 

study [27] that revealed significant alterations in hepatocytes, duct epithelium proliferation, blood vessel 
dilatation and congestion, and mononuclear inflammatory infiltrate in rabbits treated with SnCl2. The effects 

of SnCl2 on inhibiting ALP activities are consistent with findings in rats [28].  

Oxidative damage to biomolecules, including lipids, DNA, and proteins, has been linked to a number of 

chronic diseases, including cancer, cardiovascular disease, cataracts, aging, and other neurological 

conditions [29]. Important biological targets, including membranes and DNA, can be harmed by ROS, such 

as the hydroxyl radical (.OH) generated in cells [30]. A toxic metal that is frequently utilized in industrial 
settings is chromium (VI). It has harmful effects on the liver and other organs [31]. This study demonstrated 

that Se reduced the liver damage caused by Cr. Histopathological, morphometric, gene expression, and 

biochemical investigations all supported this. High blood levels of the enzymes aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) signify muscular injury, cardiac infraction, and liver damage, 

including those caused by viral hepatitis. The transformation of alanine into pyruvate and glutamate is 
catalyzed by serum ALT.As a result, serum ALT is a superior indicator of liver impairment since it is more 

specific to the liver [32]. Their rise in the current investigation raises the possibility that potassium 

dichromate produced reactive oxygen species, which would have caused oxidative stress and hepatotoxicity 

and nephrotoxicity. This might be because oxidative stress impairs their production or causes impaired liver 

function [33]. Similar results were observed by [34] in rats treated with potassium dichromate. 

According to earlier research by [33], Cr caused a substantial and significant rise in the blood levels of the 
liver enzymes AST and ALT in the current investigation. They explained this by stating that the enzymes' 

release from the cytoplasm indicated damage to the liver tissue. Other investigations have linked this to the 

consumption of liver glutathione (GSH), one of the primary components of antioxidant defense, and the 

onset of oxidative stress [35]. The distribution of copper, iron, manganese, and zinc in organs and tissues is 

impacted by Cr (VI), a toxin and carcinogen [36,37].  
Through the stimulation of the Akt/ERK/AMPK signaling cascade, which is mostly driven by ROS formation, 

Cr (VI) can cause cytotoxicity in neuronal cells [38]. According to some research, Cr (VI) damages h. 

epatocytes by causing oxidative damage and lipid peroxidation [39]. Our results are in line with other 

research that reported impaired liver function following exposure to Cr (VI). L02 hepatocyte damage caused 

by Cr (VI) is significantly influenced by ROS and mitochondria [40]. 
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Conclusion 

The results of this investigation demonstrate the substantial metabolic disturbances brought on by exposure 

to tin chloride (SnCl₂) and potassium dichromate (K₂Cr₂O₇). Significant drops in albumin and total protein 

levels were brought on by both toxicants, suggesting impaired protein synthesis and possible liver damage. 

Liver damage was further verified by elevated bilirubin levels, with SnCl₂ having a somewhat stronger 

impact. Overall, this study shows that hepatic, renal, and oxidative stress parameters are considerably 

impacted by environmental exposure to chromium and tin compounds. These findings highlight the 
necessity of more research into the harmful processes and possible defenses against these kinds of 

environmental pollutants. 
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 المستخلص

  رضمائ  الوتتئسةوت   مورترةد القيةد ض  مع ارئ را مفئيل اليود مالاع ا 
ا  الييييئيي  اليوية  لأرض  يائ ي لضييسةي   ائضاةئ   تقيم هذه الدراسة  الأثيرا

  اليييتمئ  الأي ةاي  اقئر   ائلسةةةةةةةةةةةةتااذك تم تقسةةةةةةةةةةةةيم اليوتا ئ  الذرتر إلى يلا  اييتمئ   ا
ييتم  اةةةةةةةةةةةةئا     إلى ملاائ  اضجهئد الأثكسةةةةةةةةةةةةدع ت 

   ل  ا 
  رضمائ  الوتتئسوت   ماييتم  متليت اةةةةةةدرترةد القيد ضك تم ايئع اليرئ را الييييئيي  اليوية   ايئ ت 

 الاع   ماييتم  تم إم ئؤهئ يائ ي
متيا  لرر

مبيا  مالوترةةةئ مالي ةةةئتنايا  ماليرترتن مم تةيةةئ  اليوةةد م     الولاناةةئك رتةةةةةةةةةةةةةةةفةةت الاأةةئي  م   ربنأوترةة   اليتاد الأفةةئمريةة  اض ايث الاويبةةئ مالألوتايا  مالويررا
ت 

  اييتمئ  رضمائ  الوتتئسةوت   مورترةد القيةد ض اقئر   ائلسةتااذ  ايئ  تةرا إلى  
 الاع  مالألوتايا  ت 

متيا    اسةأيةئ  الرر
اةرل تخرو   ا خفئ  رورا ت 

  م 
  اليييتمئ  الأي ةاي   ايئ  تةةةرا إلى يرو ت 

مبيا  ت  ك ارتفرت اسةةةأيةئ  الويررا متيا  ئك  ورترةد القيةةةد ض    فئيل اليود  اض ايئرسةةة الرر لأثيرا أكرر ماةةةتا 
  اييتم  رضمائ  الوتتئسةةةةةةةةةوت   ك 

  مفئيل الاع  ميئسةةةةةةةةة  ت 
 ت 
 
  نةئدو اسةةةةةةةةةأيةئ  الوترةئ مالي ةئتنايا   ايئ خرصة يري

ارتفرت  تسةةةةةةةةةمي ولا السةةةةةةةةةيوايا  ت 
  الرلار  ايئ  تةةةةةرا إلى ا 

  ورأئ اييتم م
  اسةةةةةأيةئ  اليرترتن متةةةةةدو اريت  ت 

ك ناد  أإتةةةةة   إ تةيئ  اليود متةةةةةدو اريت  ت   
اةةةةة ضاائ  الأيايو اليذا ي
  مهت  اليتاد الأفةئمرية  اض ايث الاويبةئربنأوترةة   اليييتمةئ  الأي ةاية   ايةئ  أف  اض ترل الخلاخةئ اليوةدخة ك اةئضاةةةةةةةةةةةةةةةئ ة  إلى  لة   ارتفرةت اسةةةةةةةةةةةةةةةأيةةئ   

مرسةيد الدهت،  متةدو اريت   ايئ  سةرذ السةت  مع ا    الخأئ   اؤشر مع برا
ا أات ك مت  ضجهئد الأثكسةدع اليرزن  اض إفهئر رضمائ  الوتتئسةوت   تثيرا 
ا  س و  ايم أفهض رضمائ  الوتتئسوت   تثيرا ا  ريييئيي  اوية  رورا   ادم  تيورا

ئا  لراع  تسمي الأرض  لةةةةةةةةةةة رضمائ  الوتتئسوت   مورترةد القيد ض ت 
  ايا  وئ، لارترةد القيةةةة

ئ  ت  متيا  ممفيف  اليودك متؤرد هذه الاأئي  مع اليئج  إلى اتةد ا  الويم  مأكسةةةةدو أكرر ماةةةةتا  د ض تثيرا أات  مع تخرو  الرر
  الآليئ  السيي  لهذه اليضروئ ك 

 ت 
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