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Ab s t r Ac t
Background: Metabolic stress is one of the risk factors of lead-induced functional abnormalities of the tissue. The present study aims 
at determining the effect of lead on certain energy metabolic profiles in renal tissue of mice.
Method: Swiss albino mice were exposed to Pb by gavages at a 5mg/kg body weight dose for 30 days. After treatment, urinary glucose, 
glucose 6-phosphatase, lactate dehydrogenase, TCA cycle enzymes, different proteolytic enzyme activities, total, acidic, basic and neutral 
proteins, protein carbonyl content, glyceraldehyde 3-phosphate dehydrogenase activity, tissue Pb deposition and renal morphology 
were examined. 
Results: Lead exposure resulted in glycosuria and decreased glucose 6-phosphatase activity in the kidney, whereas the lactate 
dehydrogenase activity was increased in that tissue. The malate dehydrogenase and succinate dehydrogenase activities were stimulated 
by Pb, whereas the glyceraldehyde 3-phosphate dehydrogenase activity was inhibited. Degradation of tissue protein was accompanied 
with enhanced protein carbonylation. Significant changes in trypsin, cathepsin and pronase activities were noted. Decreased amino 
acid nitrogen in kidney was associated with altered transaminase activity. Additionally, fatty infiltration was observed in association 
with accumulation of elemental lead.
Conclusion: It is suggested that sub-acute Pb exposure modulated certain enzymes and intermediates of major energy metabolism 
pathways in the renal tissue of mice to establish an adaptive mechanism against metabolic distress.
Keywords: Glycolysis, Glyceraldehyde 3-phosphate dehydrogenase, Lead, Proteolysis, Renal morphology, TCA cycle enzymes. 
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Metabolic Energy Insufficiency in Mice Kidney following 
Short-term Exposure to Lead: An In-vivo Study
Pritha Das, Sudipta Pal* 

In t r o d u c t I o n

Lead (Pb), being one of the toxic heavy metals, participates 
in environmental pollution and health complication. 

Various chemical forms of this heavy metal are found in 
nature among which lead oxide is very common.1 People 
generally get exposed to Pb via contaminated air, drinking 
water, food and dermal contact.2 It imposes adverse effect 
on human health when accumulated in the body over the 
years. In some cases, acute toxic effects also happen due to 
accidental exposure, causing health hazards. The severity 
of the physiological problems caused by Pb depends on 
the concentration and duration of its exposure. Significant 
deposition occurs in liver and kidney after bones due to 
the differential capacity of the organs to accumulate lead.3 
Its excess deposition in hepatic tissue results in metabolic 
perturbation inducing hepato-necrotic dysfunctions such 
as defective DNA synthesis and hepatic hyperplasia4, 
nephropathies, and renal tubule obstruction in the forma-
tion of lead inclusion body in kidney.5 Pb-induced metabolic 
alteration includes changes in the activities of the acid and 
alkaline phosphatases, lactate dehydrogenase, transami-
nase and serum lipid profiles that may attribute to organ 
toxicity.6 The current study aims to explore how short-term 
lead exposure influences renal metabolic profiles with refer-
ence to energy production and morphological alteration. 

MAt e r I A l A n d Me t h o d s 
The inorganic salt of lead-acetate was procured from the 
Pioneer Concern of India, other chemicals like, diethylether, 
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sodium potassium tartarate, boric acid, hydrochloric acid 
(HCL), acetic acid, casein, ethanol, sodium cyanide, sodium 
carbonate ninhydrin, leucine, urea, isopropanol, methyl 
cellosolve, sodium citrate, copper sulfate, ethanol, H2SO4, 
magnesium chloride (MgCl2), sodium carbonate, and 
glucose 6-phosphate were purchased from Merck (India); 
dichlorophenolindophenol (DCPIP), bovine serum albumin 
(BSA), and hemoglobin were of analytical grade and procured 
from Sigma-Aldrich (India); sucrose and trichloroacetic acid 
(TCA) were purchased from SRL (India). Biochemical kits such 
as SGPT and SGOT kits and cholesterol kits were purchased 
from Transasia Bio-Medicals Ltd, Mumbai, India Coral clinical 
systems, Verma Industrial Estate. To prepare the reagent 
ultrapure water from Millipore was used to avoid metal 
contamination. 
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Lead (Pb) and renal tissue metabolism

Indian Journal of Physiology and Allied Sciences, Volume 73 Issue 1 (2022)18

Animal Procurement 
Swiss albino male mice (N=12), weighing 25–30 g were 
procured from the Chakraborty Enterprise, Kolkata (India), 
an authorized animal supplier nominated by Control and 
Supervision of Experiments on Animals (CPCSEA), Ministry of 
Environment and Forests, Govt. of India. As per the guideline 
of CPCSEA, animals were housed in polypropylene cages 
and acclimatized in adequate pathogen-free laboratory 
conditions for one week before starting the experiment. 

Animal Diet
Mice were supplied with a standard protein diet prepared 
by 18% casein, 9% fat and 71% amylum, and vitamins and 
minerals used earlier.7 Moreover, drinking water was supplied 
ad-libitum and the animals were kept in the treatment room, 
maintaining the temperature at 22 to 25°C and humidity at 
50% with light and dark exposure for 12 hours.

Animal Treatment
Mice were divided into two groups namely control and 
Pb-treated group, where each group consisted of six (n=6) 
numbers of animals. They were kept in separate cages. The 
treatment was followed by gavage using orogastric feeding 
needle to the Pb-treated group of animals at a dose of 5 
mg per kg body weight per day for a period of 30 days, and 
the respective control group received an oral invasion of 
0.9% NaCl for the same duration. The lead acetate dose was 
selected based on the dose-dependent study performed 
earlier.8 The treatment was given after providing food to 
the mice at a particular time once daily to promote better 
absorption.

Animal Sacrifice and Collection of Kidneys
After the treatment period was over, mice were sacrificed 
by cervical dislocation according to Institutional Animal 
Ethical Committee guidelines. Ethical approval was taken 
from the Institutional Animal Ethical Committee prior to 
animal experimentation (Approval No. TU/IAEC/2015/XI/2-2 
dated 28th July, 2015). After sacrifice, kidneys were taken out 
from all the animals, the outer fatty layer was removed by 
forceps and the tissue was washed in ice-cold saline (0.9% 
NaCl solution), blotted dry, weighed and kept at -20˚C until 
biochemical analyses were performed.

Isolation of Mitochondrial Enzyme
According to the modified method of Sordahl et al. 9, a 10% 
tissue homogenate was prepared in 0.01 M Tris-HCl buffer 
containing 0.25 M sucrose and 1-mM EDTA for mitochondrial 
fraction separation. The tissue (kidney) was centrifuged 
at 15,000 rpm for 5 minutes to isolate the mitochondrial 
enzyme. Then the resultant supernatant was centrifuged at 
30,000 rpm for 10 minutes. The pellet was re-suspended in 
isolation medium and centrifuged for 10 minutes at 30,000 
rpm.

Analyses of Physio-biochemical Parameters

Body Weight and Kidney-Somatic Index (KSI) 

The bodyweight of each of the animals was observed and 
noted down routinely throughout the whole experimental 
period until sacrifice. Additionally, all the animals’ organ 
weight (kidney) was also recorded after sacrifice. The kidney-
somatic index (KSI) was calculated using the following 
formula of Khallaf and Authman.10

Analysis of Tissue Lead Content
A definite amount of target tissue was taken and kept 
overnight for dehydration. Then the tissue sample was 
digested with acid mixture containing HNO3, H2SO4, and PCA 
(6:1:1) over a regulated heater and carried out the digestion 
process for 6-8 hours to obtain a clear transparent solution at 
65–70°C. During the acid digestion of tissue ultrapure water 
was added occasionally to prevent overdrying. The digested 
sample was then made up to a definite volume with ultrapure 
water. The sample was then applied for estimation of lead 
content using the flow injection atomic spectrophotometer 
fitted with a graphite furnace according to the method as 
suggested by Ghosh et al.11 The lead residues were expressed 
in terms of µg/g of tissue.

Trypsin Activity 
To determine the trypsin activity in the 5% tissue homogenate 
in phosphate buffer (pH 7.4), the method of Green and Work12 
was employed. The enzyme activity was calculated as nmoles 
of tyrosine liberated/min/mg of tissue protein.

Cathepsin Activity 
The cathepsin activity in renal tissue was measured by the 
method of Pokrovsky et al.13 Tissue cathepsin activity was 
expressed in terms of nmoles of tyrosine released/min/ mg 
of tissue protein.

Pronase Activity 
The pronase activity was estimated following the method of 
Barman.14 The enzyme activity was expressed as nmoles of 
tyrosine produced/min/mg of tissue protein.

Tissue Protein Content 
The acidic, basic, neutral and total protein contents were 
measured separately according to the methods of Shashi,15 

Trivedi et al.16 and Lowry et al.17 using bovine serum albumin 
as standard. The protein content was expressed as g per 100 
g of tissue.

Protein Carbonyl Content
To calculate the protein carbonyl content in the kidney, the 
procedure of Stadtman and Levine18 was employed. The 
results were expressed as nmol of DNPH-incorporated/
mg protein based on the molar extinction coefficient of 
22,000/M/cm.

Free Amino Nitrogen Content 
The amount of free amino nitrogen in kidney was estimated 
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by the method of Rosen.19 The amino nitrogen content was 
expressed as mg of leucine per g of tissue.

Glutamate-Pyruvate Transaminase (GPT) and Glutamate-
Oxaloacetate Transaminase (GOT) Activities 
The transaminase enzyme activities in the studied tissue were 
determined following the method of Reitman and Frankel.20 

For this assay, the standard kit (Coral clinical systems, Goa, 
India) was used to measure photometrically the color 
intensity of the reaction mixture. The enzyme activities were 
expressed in terms of units/mg of protein.

Glucose 6 Phosphatase (G6PASE) Activity
To measure the G6PASE enzyme, a tissue homogenate 
containing 52 mg of renal tissue was mixed with 1.8 mL of 
substrate buffer, (pH 6.5) containing 0.1-mmol/L tris-HCl, 0.1-
mol/L EDTA, 0.05 mol/L glucose 6-phosphate. The mixture 
was incubated at 37°C for 10 minutes. Added 1 mL ice cold 
10% TCA and centrifuged the solution at 3,000 rpm for 10 
minutes. As a result, a clear supernatant was found to esti-
mate the phosphate content, according to Plummer. 21 The 
data were recorded with a spectrophotometer at 880 nm. 
The unit of glucose 6-phosphatase was expressed as µg of 
phosphate liberated/min/g tissue protein.

Succinate Dehydrogenase (SDH) Activity 
The activity of SDH was measured by the method of Holly-
wood et al.22 The assay mixture consisted of 1-mL phosphate 
buffer (pH 7.2) containing sodium succinate (0.15 M), azide 
(0.2 M) and the tested sample. The activity of this enzyme 
was figured by adding DCPIP (6 mg/mL) as a coloring reagent 
and finally, a spectrometer recorded the optical density at 
600 nm. The result was expressed as µm of DCPIP reduced/
min/mg of tissue protein.

Malate Dehydrogenase (MDH) Activity
This enzyme activity was estimated by the method of Mehler 
et al. 23 using an assay mixture containing potassium phos-
phate buffer (pH 7.2), 0.0076 M oxaloacetic acid and 0.005 M 
NADH at pH 7.4. The enzyme activity was calculated by the 
regular reduction of NADH at 340 nm for 3–5 min with 10 
seconds interval and expressed the obtained data by mM of 
NADH oxidized/min/mg protein.

Isocitrate Dehydrogenase (IDH) Activity
The IDH activity was estimated following the method of 
King,24 and the enzyme activity was expressed as unit per 
minute per milligram of protein.

Lactate Dehydrogenase (LDH) Activity
To measure the LDH activity in the target tissue (kidney), the 
protocol of Bergmeyer et al.25 was followed. The enzyme 
activity was expressed as units/min/mg of protein.

Glyceraldehyde 3-phosphate dehydrogenase (G-3PDH) 
activity
The activity of G3PDH was measured by the method of Heinz 
and Freimuller.26 The activity was expressed as mmoles of 
NADH /min/ mg of protein. 

Alkaline phosphatase (ALP) activity

The activity of ALP in renal tissue of mice was measured 
according to the Kind and King’s method modified by Varley.27 
The Kit-based estimation was based on the measurement 
of the colour intensity of the phenolic compound derived 
from the chemical reaction of substrate disodium phenyl 
phosphate in the presence of oxidizing agent like potassium 
ferricyanide and expressed the obtained data as KAunits/
mg of tissue.

Urinary Glucose Estimation
The glucose contents of urine samples of mice were measured 
by Erba glucose Kit (Transasia Bio-Medicals Ltd, Mumbai, 
India) following glucose oxidase-peroxidase method.28 The 
glucose content was expressed as mg/dl of urine. It was 
estimated as pooled sample from three urine samples. 

Histopathological Studies
Kidneys were collected from the experimental animals and 
preserved in 10% formaldehyde solution for 24 hours. After 
gradual tissue dehydration in graded alcohol, clearing and 
embedding, the tissue was sliced by rotary microtome. The 
obtained sections were stained using hematoxylin-eosin 
and examined under a compound microscope under 10x, 
20x, and 40x objectives.

Statistical Analyses
To compare data between two groups, all results were 
expressed as means±S.E.M. The experiments were repeated 
three times. To record the significance level of the result, 
paired ‘Student’s t test’ was carried out to compare the two 
groups. P < 0.05 was considered statistically significant.

re s u lts

Body Weight and KSI
The final body weight of the mice was reduced by 18.4% 
(p < 0.001) after exposure to lead (Table 1). The kidney somatic 
index (KSI) was increased by 32.5% (p < 0.05) in a lead-treated 
group of mice as compared with the control group.

Tissue Lead Content
Lead exposure significantly elevated the elemental lead 
concentration in the renal tissue of mice (Table 1). The 
increase was observed as 136.4% (p < 0.001).

Urinary Glucose 
Glucose content in urine samples of the Pb-treated mice was 
elevated by almost ten times that the control group (Table 1). 

Acidic Protein
The acidic protein content was found to be reduced by 58.4% 
(p < 0.001) after Pb exposure (Table 2). 

Basic Protein
Alteration in basic protein content showed a remarkable 
depressing effect of lead on this parameter in renal tissue. 
The decrease was found to be 39.3% (p < 0.001) in comparison 
to the control group (Table 2). 
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Neutral Protein
It was further revealed that the neutral protein content was 
decreased by 77.8% (p < 0.001) as compared to the control 
value (Table 2).

Total Protein
The total protein content was depleted in the renal tissue 
of mice by 66.23% (p < 0.001) after lead treatment (Table 2). 

Protein Carbonyl Content
The protein carbonyl content in the kidney was significantly 
elevated in lead-intoxicated mice. The increased value was 
addressed by 47.4% (p < 0.001) as compared to the control 
group (Table 2).

Free Amino Acid Nitrogen
The free amino nitrogen content was reduced in renal 
tissue signif icantly. The change was represented as 
33.65% (p  < 0.001) in comparison to the control group  
(Table 2).

Trypsin Activity
Lead exposure caused an elevation of this enzyme activity 
by 60.55% (p < 0.001) in renal tissue of lead exposed mice 
(Table 3).

Cathepsin Activity
Change in cathepsin activity indicated significant increase 

by 115.3% (p < 0.001) following exposure to lead (Table 3). 

Pronase Activity
The pronase activity was increased in kidney by more than 
four times (p < 0.001) in relation to the control group (Table 3). 

G6PASE Activity
Lead caused a significant decrease in the G6PASE activity in 
the renal tissue of mice by 50.31% (p < 0.01) in comparison 
with the respective control group (Table 3).

ALP activity
The ALP activity in the renal tissue was stimulated by Pb 
and recorded as 34.8% increase (p < 0.001) as compared to 
control (Table 3).

SDH Activity
There was a significant increase in SDH enzyme activity in 
kidney of exposed mice after lead treatment. The change was 
recorded as 96.16% (p < 0.001) of the control value (Figure 1). 

MDH Activity
The MDH activity in the renal tissue of mice was increased by 
57.16% (p < 0.01) after lead exposure (Figure 2).

IDH Activity
The activity of isocitrate dehydrogenase was decreased 
in renal tissue of lead intoxicated mice. The change was 

Table 1: Effects of Pb on the body weight, kidney somatic index (KSI), tissue lead concentration and urinary glucose content of mice 

Groups of Animals
of Pb exposure (g) 

Body weight
after 30 Days KSI

Lead content in kidney
(µg/g of Tissue)

Urinary glucose content
(mg/dl of urine)

Control 42.8±0.8 1.6±0.1 1.29±0.01 0

Pb-treated 34.9±0.9*** 2.12±0.04* 3.14±0.03*** 9.86
Values are means±S.E.M. Figure in the parenthesis (n = 6) indicates the number of animals in each group. Significance level are indicated by 
P < 0.05*,   P < 0.001***.  
Urine glucose was estimated from three pooled samples from each group.
Table 2: Effect of Pb on differential protein contents, free amino acid nitrogen (FAAN) level and carbonylated protein (CP) content in kidney of 

mice 

Groups of animals 
(n=6)

Acidic protein
(g%)

Basic protein
(g%)

Neutral protein
(g%)

Total protein
(g%)

FAAN
(mg Leu/g tissue)

CP
(nmol DNPH incorporated/
mg protein) 

Control 2.5±0.32 7.56±0.08 13.24±1.02 20.67±0.92 14.5±1.07 28.08±0.87 

Pb-treated 1.04±0.66
p < 0.001

4.59±0.15
p < 0.001

2.94±0.44
p < 0.001

8.33±0.56
p < 0.001

9.62±0.39
p < 0.001

39.91±1.5 
p < 0.001 

Values are means±S.E.M. (n=6) indicates the number of animals in each group. p < 0.001 was considered statistically high significance difference 
between experimental groups.

Table 3: Effect of Pb on proteolytic enzyme activities such as trypsin, cathepsin and pronase, glucose 6phosphatase (G6PASE) and alkaline 
phosphatase (AP) activities in kidney of mice 

Groups of Animals
(n=6)

Trypsin
(nmoles of tyrosine 
released/min/mg of 
tissue protein)

Cathepsin
(nmoles of tyrosine 
released/min/mg of 
tissue protein)

Pronase
(nmoles of tyrosine 
released/min/mg of 
tissue protein)

G6PASE
(µg of phosphate 
formed/min/g tissue)

AP
(KA Unit/mg tissue) 

Control 25.73±0.34 1.31±0.02 1.72±0.06 107.21±5.19 0.69±0.02

Pb-treated 41.31±0.36
p < 0.001

2.84±0.18
p < 0.001

7.07±0.19
p < 0.001

53.27±3.44
p < 0.01

0.09±0.02
p < 0.001

Values are Means±S.E.M. Significance level indicated by P < 0.01 and P < 0.001; n= number of animals in each group. 
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recorded as 25.7% (p  < 0.01) in comparison to the control 
group (Figure 3).

LDH Activity
The activity of LDH was enhanced by 32.64% (p < 0.001) in 
the renal tissue of lead exposed mice (Figure 4).

G-3PDH activity
The decreased activity of G-3PDH was recorded as 29.3% 
(p < 0.001) in comparison to the control value in Pb-treated 
kidney of mice (Figure 5). 

Tissue GOT and GPT Activities 
The GOT in the kidney was increased significantly by 36.9% 
(p  < 0.001) following exposure to lead, whereas the GPT 
activity was decreased by 28.55% (p < 0.001) in that tissue 
(Figure 6).  

Histological Observations
The renal structure of lead-exposed mice displayed ruptured 
glomerular tuft with disorganized bowmen’s capsule, dilated 
tubular cell and aggregation of fat in the renal medulla 
(Figure 7a, 7b). 

dI s c u s s I o n

The present study reveals that short-term Pb toxicity was 
concerned with metabolic insufficiency, especially energy 
metabolism within renal tissue and its structural deterioration. 
Decrease in body weight was observed in lead-treated mice, 

Fig. 5: Inhibitory effect of Pb on the glyceraldehyde 3-phosphate 
dehydrogenase (G3PDH) activity in mice kidney 

Values are means±SEM. Each group consisted of six number of 
animals. *** indicates p < 0.001. 

Figure 4: Stimulatory effect of Pb on renal lactate dehydrogenase 
(LDH) enzyme activity in mice 

Values are means±SEM. Each group consisted of six number of 
animals. *** indicates p < 0.001. 

Figure 3: Inhibitory effect of Pb on isocitrate dehydrogenase (IDH) 
enzyme activity in kidney of mice 

Values are means±SEM. Each group consisted of six number of 
animals. ** indicates p < 0.01. 

Figure 2: Stimulatory effect of Pb on malate dehydrogenase (MDH) 
enzyme activity in kidney of mice 

Values are means±SEM. Each group consisted of six number of 
animals. *** indicates p < 0.001. 

Figure 1: Stimulatory effect of Pb on succinate dehydrogenase (SDH) 
enzyme activity in kidney of mice 

Values are means±SEM. Each group consisted of six number of 
animals. *** indicates p < 0.001. 
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which might be due to malnourishment due to toxicant 
mediated stress that perturbed proper absorption of essential 
nutrients from the gastro-intestinal tract of the exposed 
animals.29 The present study addressed that the kidney-
somatic index (KSI) was significantly increased in the treated 
group compared with the control group of mice after lead 
exposure. The obtained result of KSI was in resemblance with 
the effect of lead on fish liver tissue as revealed by the studies 
of Khallaf and Authman,10 which suggested that change in the 
organo-somatic index might be correlated with the alteration 

in fat accumulation in the fish tissue after lead treatment. This 
assumption is affirmed by the present histological study of 
kidney where fat deposition in the renal medulla was one 
of the key observations of toxic manifestation of lead. The 
present study also revealed a significant accumulation of 
elemental lead in the renal tissue that might be correlated 
with renal malfunctions as indicated by renal glycosuria 
and overaccumulation of carbonylated proteins and lipids 
within the affected tissue. This is supported by the earlier 
observation, which stated that glycosuria is one of the lead-
induced nephrotoxic manifestations in human body. 30 It was 
further postulated that lead-induced renal glycosuria may 
be responsible for hypoglycaemia and associated metabolic 
changes in relation to lead toxicity.8

Alteration in carbohydrate bioenergetics in the renal 
tissue after short-term lead exposure was evident in the 
present study. Diminished activity of G6PASE, as found in the 
present study, might be associated with less accumulation of 
glucose 6-phosphate and other glycolytic metabolites in the 
renal tissue. It was suggested that the intermediary product, 
oxaloacetate formed from malate, was not sufficient to 
supply glucose by G6PASE enzyme after lead intoxication.31 

The present study further revealed that activity of the SDH 
enzyme was enhanced in the lead-treated organ that was 
supposed to be involved in the production of energy to 
maintain renal bioenergetics in a Pb-stressed environment. 
Normally the SDH requires basic (Arg 31, His 207) and neutral 
(Ser 27, Try 83) proteins to form ubiquinone binding site.32 It is 
postulated that basic proteins are utilized more by the renal 
tissue in configuring SDH, thus enhancing its activity. The 
study also elucidated a significant increased activity of the 
MDH enzyme in Pd-treated renal tissue of mice. It conforms 
with Afsar (2012) reports on fish model where activation of 
MDH in the renal tissue by Pb was employed to produce 
energy during carbohydrate metabolism.33 Elevation of 
blood MDH activity in occupational lead-zinc workers further 
provided evidence supporting the stimulatory effect of Pb 
on MDH activity.34

On the contrary, the IDH activity of the renal tissue 
was significantly decreased by Pb exposure in the present 
study. Substrate inadequacy or NAD+ scarcity might be the 
reason for such enzyme suppression. The present study 
further acknowledged that the increased activity of lactate 
dehydrogenase by Pb depended on the availability of pyruvic 
acid, which supplies energy through the lactate cycle during 
insufficient supplementation of oxygen.35 As evidenced by 
the present histological observation, Pb-induced damaged 
renal tissue might fail to utilize oxygen for its metabolic 
activity and thus switch over to the anaerobic process. This 
might also suppress the supply of pyruvate to feed the 
TCA cycle. On the other hand, enhanced TCA cycle enzyme 
activities was supposed to utilize more substrates to provide 
energy to the lead-stressed renal tissue. Both of these might 
cause serious impairment of substrate availability for the TCA 
cycle if the lead exposure was continued. 

Figure 7b: Represents the histology of kidney of control mice with 
normal medullary tubular cell (A). Whereas, the lead treated kidney 

displayed fat infiltration in the medullary area (A1) (Hematoxylin and 
Eosin staining, 20X). 

Figure 7a: kidney section of control mice (Cortical region) with 
glomerulus in cup shaped bowman’s capsule (A) and tubular cell 
(B). The lead treatment destroyed glomerular tuft and ruptured 
the bowman’s capsule area (A1), dilatation of tubular cell (B1) 

(Hematoxylin and Eosin staining, 20X). 

Fig. 6: Effect of Pb exposure on glutamate pyruvate transaminase 
(GPT) and glutamate oxaloacetate transaminase (GOT) enzyme 

activities in mice kidney 
Values are means±SEM. Each group consisted of six number of 

animals. *** indicates p < 0.001. 
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Moreover, enhancement of protein carbonyl content in the 
target tissue after Pb exposure was indicative of oxidative 
damage of native proteins. Significant increase in the trypsin 
enzyme activity in kidney might cause the breakdown of 
specific proteins thus serving as an adaptive mechanism to 
provide certain amino acids as precursors for new protein 
synthesis in the lead-affected tissue or the amino acids 
might be mobilized to the other tissues like liver and skeletal 
muscle to aid protein anabolism. Additionally, cathepsin 
activity was elevated in the kidney of Pb-treated animals. 
Studies of Ahmed and Zaki 36 acknowledged that a stressful 
environment motivated the lysosomal enzyme release from 
the liver to plasma, perturbing the cellular integrity along 
with the substrates of mitochondria and sarcolemma, which 
were responsible for elevation of cathepsin enzyme function. 
Additionally, the pronase activity was also increased after 
Pb exposure indicative of increased proteolysis in the renal 
tissue of mice.

The present study further revealed that lead exposure 
caused a significant decrease in acidic protein content in 
renal tissue of mice. This might be due to interference of Pb 
with that protein synthesis or with the sulfhydryl groups of 
some metal-binding proteins, and their subsequent removal 
from the tissue through the detoxification process.37 On the 
other hand, the obtained result of basic proteins might be 
explained by the function of trypsin as because this enzyme 
mainly targets the basic proteins’ carboxyl sites containing 
amino acids such as arginine, lysine and leucine38 and 
releases the end products that accumulate in the affected 
tissues. Relating to the inversely proportional association 
between the enzyme and its substrate,39 it is postulated 
that the increased activity of trypsin might be the cause of 
decreased basic protein content in the renal tissue of mice 
exposed to Pb. This assumption is supported by the heavy 
metal toxicity in aquatic fish model.40 Moreover debasement 
of basic proteins is consistent with the surge of malate 
dehydrogenase function as the basic proteins like arginine 
and histidine are needed to form the structural components 
of the MDH.41 Decrease in neutral protein content after lead 
intoxication might be due to degeneration of amino acid 
like cysteine in account of the metal’s ability to lure the 
sulfhydryl groups of protein.42 It was further accompanied 
by enhanced cathepsin activity, which might utilize more 
neutral proteins as substrate and subsequently reduce its 
content in the examined tissue. Additionally, as found in the 
present study, the reduction of renal total protein content was 
supposed to be an indicator of disturbed renal metabolism.43 
The present study confirmed that the carbonylation of 
proteins due to oxidative stress might also be responsible for 
tissue protein degradation. This observation might indicate 
imbalanced oxidation–reduction complex formation and 
disintegration of the cell membrane by the reactive oxygen 
species produced by Pb.44 The products of oxidative stress 
finally attack the functional groups of proteins like histidine, 
arginine and lysine to form carbonyls and ensue protein 
depletion.45 

The current experiment further established a significant 
reduction in the level of free amino nitrogen in the target 
tissue, which might be due to the mobilization of free amino 
nitrogen to the extrarenal tissues like liver and muscle 
to supply the precursors for gluconeogenesis or other 
integrated metabolic pathways to replenish the loss of blood 
glucose in consequence of renal glycosuria following Pb 
intoxication. Increased transaminase enzyme activity such 
as GOT and oxidative deamination were responsible for the 
depletion of free amino nitrogen as these were involved in 
supplying intermediates of the TCA cycle or gluconeogenic 
pathway.46 Possible mechanism of GOT acceleration in renal 
tissue might also be due to renal dysfunctions, including 
tubulopathy, β-2- microglobinuria, and enzymuria caused 
by Pb toxicity.43 On the contrary, the activity of GPT enzyme 
was significantly decreased in the Pb-treated organ. The 
obtained result might be clarified with the destruction of 
acidic protein in the renal tissue as the GPT enzyme is involved 
in protein and amino acid metabolism;47 so, the scared 
supplementation of substrates like α-ketoglutarate due to 
Pb-induced decreased IDH activity, as found in the current 
study, might be the reason of suppressed GPT function. 

Moreover, increased KSI and lipid deposition in kidney 
might result from adipogenesis as confirmed by the 
histological analyses of the affected tissue. It was reported 
by Brömme et al.48 that cathepsin L in mouse, which is 
homologous to cathepsin V in human, played an important 
role in adipogenesis and glucose intolerance via degrading 
fibronectin insulin receptor and insulin-like growth factor 
1 receptor.49 It was further revealed that glyceraldehyde 3 
phosphate dehydrogenase activity was suppressed in the 
renal tissue of lead-induced mice. This observation conformed 
with the earlier report of Calderón et al., 50 suggesting that 
free Pb could inhibit the activity of G3PDH in erythrocyte of 
children. This enzyme has several metal binding domains like 
cysteine (Cys) 149 and histidine (His) 176 in its catalytic site, 
and certain metals like Co2+, Cu2+, Fe2+, Ni2+ and Pb2+ tend to 
bind with this catalytic site to inhibit the enzyme activity.51 
As this enzyme utilizes glycerol as substrate to synthesize 
glucose via the gluconeogenic pathway, the suppressed 
activity of G3PDH might cause glucose inadequacy in the 
renal tissue. Moreover, renal glycosuria was evident in the 
present study indicating a disturbance in renal tubular 
absorption of glucose by lead toxicity, which was suggested 
to impose a hypoglycaemic situation in earlier occasion.8 
Alteration in renal energy metabolism due to lead was also 
supported by the increased alkaline phosphatase activity in 
that tissue which served as an adaptive mechanism to yield 
energy from the breakdown of ATP to support tissue survival 
in a metabolically stressed condition.

co n c lu s I o n

Sub-acute lead exposure significantly altered the metabolic 
orientation in the kidney, one of the vital detoxifying organs 
in mice model. An increase in organo-somatic index was 
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associated with fatty infiltration and significant deposition 
of elemental lead. Retardation of glycolytic activity after 
Pb elation in the target tissue motivated certain changes in 
protein metabolic pathways, especially degradation of tissue 
proteins by enhancing the proteolytic enzyme activities 
in response to Pb toxicity. Additionally, the decreased 
accumulation of free amino acid nitrogen in kidney may 
provide the substrate for gluconeogenic pathway in liver 
to compensate glucose loss due to glycosuria. The inability 
to supply enough energy and nutrition due to loss of 
blood glucose altered the relay network of the TCA cycle 
enzymes in the renal tissue due to Pb toxicity. Due to such 
imbalanced energy metabolism the renal tissue architecture 
was remarkably affected, which might be responsible for 
compromised renal function after Pb intoxication.

Ac k n ow l e d g e M e n t

The authors are thankful to the State-Biotech Hub, Tripura 
University for providing the infrastructure to carry out the 
present work. The authors acknowledge the State Pollution 
Control Board, Government of Tripura for providing the 
atomic absorption spectrophotometer to detect tissue lead 
content. 

de c l A r At I o n

The authors declare that the present article has not been 
published or sent for publication in any other journal earlier, 
and the copyright of the article is given to The Physiological 
Society of India. 

re f e r e n c e s
1. Milnes MR, Bermudez DS, Bryan TA, Edwards TM, Gunderson 

MP, Larkin IL, Moore BC, Guillette LJ Jr. Contaminant-induced 
feminization and demasculinization of nonmammalian 
vertebrate males in aquatic environments. Environ Res. 2006 
Jan;100(1):3-17. https://doi.org/10.1016/j.envres.2005.04.002.

2. Duruibe JO, Ogwuegbu MO, Egwurugwu JN. Heavy metal 
pollution and human biotoxic effects. Int J Phys Sci. 2007 May 
1;2(5):112-8. Duruibe, J.O., Ogwuegbu, M.C., & Egwurugwu, 
J.N.... - Google Scholar

3. Baars AJ, Spierenburg IN, Graaf GJ. Chrome lead and cadmium 
poisoning in farm animals. (AND Hemophilia, Ed.), 2nd Annual 
Conference on Trace Substances in Environmental Health, St. 
Louis, Missouri 23 – 25 May. 1988.

4. EPA U. Air quality criteria document for lead (pb). Environmental 
Protection Agency: Washington DC: US. 1986;4:264-7. Epa, U.S. 
(1986). Air quality criteria document for... - Google Scholar

5. Stiller D, Friedrich HJ. Ultrastructural and ultrahistochemical 
investigations of lead-induced intranuclear inclusion bodies 
in rat kidney. Exp Pathol. 1983;24(2-3):133-41. https://doi.
org/10.1016/s0232-1513(83)80025-5.

6. Allouche L, Hamadouche M, Touabti A, Khennouf S. Effect of 
long-term exposure to low or moderate lead concentrations 
on growth, lipid profile and liver function in albino rats. Adv 
Biol Res. 2011;5(6):339-47. Allouche L, Hamadouche M, Touabti 
A, Khennouf S.... - Google Scholar

7. Shil K, Pal S. Metabolic and morphological disorientations in 
the liver and skeletal muscle of mice exposed to hexavalent 
chromium. Comp Clin Pathol. 2019 Dec;28(6):1729-41. Shil, K., & 
Pal, S. (2019). Metabolic and morphological... - Google Scholar

8. Das P, Pal S. Alteration in carbohydrate metabolism by sub-acute 
lead exposure: A dose-dependent study. Int J Pharm Pharm Sci. 
2017;9:254. Das, P., & Pal, S. (2017). Alteration in carbohydrate... 
- Google Scholar

9. Sordahl LA, Johnson C, Blailock ZR. The mitochondrion. In A. 
Schwartz (Ed.), Methods Pharmacol. 1, (pp. 247-286). New York: 
Appleton-Century-Crofts; 1971.

10. Khallaf EA, Authman M. A study of some reproduction 
characters of Bagrus bayad, Forskal. Bahr Shebeen Canal. J. 
Egypt. Ger. Soc. Zool. 1991;4:123-38. Khallaf, E.A., & Authman, 
M. (1991). A study of some... - Google Scholar

11. Ghosh D, Firdaus SB, Mitra EL, Chattopadhyay AI, Pattari SK, 
Jana KU, Bandyopadhyay DE. Ameliorative effect of curry leaf 
aqueous extract against lead acetate-induced oxidative stress 
in rat kidneys. Int J Pharm Pharm Sci. 2013;5(4):546-56. Ghosh, 
D., Firdaus, S.B., Mitra, E., & Chattopadhyay,. - Google Scholar

12. Green NM, Work E. Pancreatic trypsin inhibitor. II. Reaction 
with trypsin. Biochem J. 1953 May;54(2):347-52. https://doi.
org/10.1042/bj0540347.

13. Pokrovsky AA, Archakov AI, Lyubimtseva ON. Laboratory 
Manual in Biochemistry (1st ed.), (p.160), Moscow: Mir Publisher; 
1989.

14. Barman, T.E. Enzyme Hand Book, 1(2) Suppl. 1, New York: 
Springer-Verlag; 1974.

15.  Shashi A. Biochemical effects of fluoride on lipid metabolism 
in the reproductive organs of male rabbits. Fluoride. 1992 
Jan;25:149-54. Shashi, A. (1992). Biochemical effects of fluoride... 
- Google Scholar

16. Trivedi MH, Verma RJ, Chinoy NJ. Amelioration by black tea of 
changes induced by sodium fluoride in protein content of liver 
and kidney in mice. Fluoride. 2006 Oct 1;39(4):269. Trivedi, M.H., 
Verma, R.J., & Chinoy, N.J. (2006).... - Google Scholar

17. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol Chem. 1951 
Nov;193(1):265-75. Protein measurement with the Folin phenol 
reagent - PubMed (nih.gov)

18. Stadtman ER, Levine RL. Protein oxidation. Ann N Y Acad Sci. 
2000;899:191-208. https://doi.org/10.1111/j.1749-6632.2000.
tb06187.x.

19. Rosen H. A modified ninhydrin colorimetric analysis for amino 
acids. Arch Biochem Biophys. 1957 Mar;67(1):10-5. https://doi.
org/10.1016/0003-9861(57)90241-2.

20. Reitman S, Frankel S. A colorimetric method for the 
determination of serum glutamic oxalacetic and glutamic 
pyruvic transaminases. Am J Clin Pathol. 1957 Jul;28(1):56-63. 
https://doi.org/10.1093/ajcp/28.1.56.

21. Plummer DT. An Introduction to Practical Biochemistry (3rd 
Edn.)(p.292). New Delhi:Tata McGraw Hill Publishing Co. Ltd.; 
1988.

22. Hollywood KA, Shadi IT, Goodacre R. Monitoring the succinate 
dehydrogenase activity isolated from mitochondria by surface 
enhanced Raman scattering. The Journal of Physical Chemistry 
C. 2010 Apr 29;114(16):7308-13. Hollywood, K.A., Shadi, I.T., & 
Goodacre, R. (2010).... - Google Scholar

23. Mehler AH, Kornberg A, Grisolia S. The enzymatic mechanism 
of oxidation-reductions between malate or isocitrate and 
pyruvate. J Biol Chem. 1948 Jul;174(3):961-77. The enzymatic 
mechanism of oxidation-reductions between malate or 
isocitrate and pyruvate - PubMed (nih.gov)

24. King J. The trasferases—alanine and aspartate transaminases. 
Practical Clinical Enzymology. London: Nostrand Company 
Ltd; 1965. King: The transferases-alanine and aspartate 
transaminases - Google Scholar

25. Bergmeyer HU, Gawehn K, Grassl M. Methods of enzymatic 
analysis, 1 (pp.521-522), Academic Press Inc; 1974.

26. Heinz F,  Freimüller B.  Glyceraldehyde -3-phosphate 



Lead (Pb) and renal tissue metabolism

Indian Journal of Physiology and Allied Sciences, Volume 73 Issue 1 (2022) 25

dehydrogenase from human tissues. Methods Enzymol. 1982;89 
Pt D:301-5. https://doi.org/10.1016/s0076-6879(82)89054-x.

27. Varley H. Practical clinical biochemistry (4th ed), (AH Gowenlock 
and M Bell, Eds.) 1, (p.1277). London: Heinemann;1980.

28. Barham D, Trinder P. An improved colour reagent for the 
determination of blood glucose by the oxidase system. Analyst. 
1972 Feb;97(151):142-5. https://doi.org/10.1039/an9729700142.

29. Marchlewicz M, Wiszniewska B, Gonet B, Baranowska-Bosiacka 
I, Safranow K, Kolasa A, Głabowski W, Kurzawa R, Jakubowska 
K, Rać ME. Increased lipid peroxidation and ascorbic Acid 
utilization in testis and epididymis of rats chronically exposed 
to lead. Biometals. 2007 Feb;20(1):13-9. https://do.org/10.1007/
s10534-006-9009-z.

30. Rastogi SK. Renal effects of environmental and occupational 
lead exposure. Indian J Occup Environ Med. 2008 Dec;12(3):103-
6. https://doi.org/10.4103/0019-5278.44689.

31. Rizwan S, Naqshbandi A, Farooqui Z, Khan AA, Khan F. Protective 
effect of dietary flaxseed oil on arsenic-induced nephrotoxicity 
and oxidative damage in rat kidney. Food Chem Toxicol. 2014 
Jun;68:99-107. https://doi.org/10.1016/j.fct.2014.03.011.

32. Horsefield R, Yankovskaya V, Sexton G, Whittingham W, 
Shiomi K, Omura S, Byrne B, Cecchini G, Iwata S. Structural and 
computational analysis of the quinone-binding site of complex 
II (succinate-ubiquinone oxidoreductase): a mechanism of 
electron transfer and proton conduction during ubiquinone 
reduction. J Biol Chem. 2006 Mar 17;281(11):7309-16. https://
doi.org/10.1074/jbc.M508173200.

33. Afsar S. Glucose post exposure recovery from lead intoxicated 
fresh water fish Anabas testudineus. Int J Biomed Adv Res. 
2012;3(1):59-63. Afsar, S. (2012). Glucose post exposure 
recovery... - Google Scholar

34. Kasperczyk S, Dobrakowski M, Kasperczyk A, Romuk E, 
Rykaczewska-Czerwińska M, Pawlas N, Birkner E. Effect 
of N-acetylcysteine administration on homocysteine 
level, oxidative damage to proteins, and levels of iron 
(Fe) and Fe-related proteins in lead-exposed workers. 
Toxicol Ind Health. 2016 Sep;32(9):1607-18. https://doi.
org/10.1177/0748233715571152.

35. Almeida JA, Diniz YS, Marques SF, Faine LA, Ribas BO, Burneiko 
RC, Novelli EL. The use of the oxidative stress responses as 
biomarkers in Nile tilapia (Oreochromis niloticus) exposed to in 
vivo cadmium contamination. Environ Int. 2002 Mar;27(8):673-9. 
https://doi.org/10.1016/s0160-4120(01)00127-1.

36. Ahmed MM, Zaki NI. Assessment the ameliorative effect of 
pomegranate and rutin on chlorpyrifos-ethyl-induced oxidative 
stress in rats. Nature and Science. 2009 Jan 1;7(10):49-61. Ahmed 
MM, Zaki NI. Assessment the ameliorative... - Google Scholar

37. Cawson RA, McCarcken AW, Marcus PB. Pathological 
mechanisms and human disease. (2nd ed.) St. Louis: C.V. Mosby 
Company; 1982.

38. Leiros HK, Brandsdal BO, Andersen OA, Os V, Leiros I, Helland 
R, Otlewski J, Willassen NP, Smalås AO. Trypsin specificity as 
elucidated by LIE calculations, X-ray structures, and association 
constant measurements. Protein Sci. 2004 Apr;13(4):1056-70. 
https://doi.org/10.1110/ps.03498604.

39. Krejpcio Z, Wojciak RW. The influence of Al3+ ions on pepsin and 
trypsin activity in vitro. Pol J Environ Stud. 2002 May 1;11(3):251-

4. Krejpcio, Z., & Wójciak, R.W. (2002). The influence... - Google 
Scholar

40. Dinodia GS, Gupta RK, Jain KL, Yadava NK. Cadmium toxicity and 
its effect on the proteolyticenzyme activity in some fresh water 
carps. Proceedings of 3rd Interaction. 2003 Dec 17-18: 195-199. 
Dinodia, G. S., Gupta, R. K., Jain, K. L. & Yadava,... - Google Scholar

41. Lamzin VS, Dauter Z, Wilson KS. Dehydrogenation through the 
looking-glass. Nat Struct Biol. 1994 May;1(5):281-2. https://doi.
org/10.1038/nsb0594-281.

42. Quig D. Cysteine metabolism and metal toxicity. Altern Med 
Rev. 1998 Aug;3(4):262-70. Cysteine metabolism and metal 
toxicity - PubMed (nih.gov)

43. Gourrier E, Lamour C, Feldmann D, Bensman A. Atteinte 
tubulaire précoce dans l'intoxication par le plomb chez l'enfant 
[Early tubular involvements in lead poisoning in children]. Arch 
Fr Pediatr. 1991 Dec;48(10):685-9. PMID: 1793342. [Early tubular 
involvements in lead poisoning in children] - PubMed (nih.gov)

44. Patra RC, Rautray AK, Swarup D. Oxidative stress in lead and 
cadmium toxicity and its amelioration. Vet Med Int. 2011 Mar 
20;2011:457327. https://doi.org/10.4061/2011/457327.

45. Reznick AZ, Packer L. Oxidative damage to proteins: 
spectrophotometric method for carbonyl assay. Methods 
Enzymol. 1994;233:357-63.https://doi.org/10.1016/s0076-
6879(94)33041-7.

46. Ali HM, Attia MH, Mohamed KA. Biodisposition and biochemical 
effects of a new phosphoramidate series in rat tissues. Bull 
Environ Contam Toxicol. 2003 Jun;70(6):1197-204. https://doi.
org/10.1007/s00128-003-0109-y.

47. Yuan C, Song HH, Jiang YJ, Azzam MM, Zhu S, Zou XT. Effects 
of lead contamination in feed on laying performance, lead 
retention of organs and eggs, protein metabolism, and 
hormone levels of laying hens. J Appl Poult Res. 2013 Dec 
1;22(4):878-84. Yuan, C., Song, H.H., Jiang, Y.J., Azzam, M. M. 
M.,... - Google Scholar

48. Brömme D, Li Z, Barnes M, Mehler E. Human cathepsin V 
functional expression, tissue distribution, electrostatic surface 
potential, enzymatic characterization, and chromosomal 
localization. Biochemistry. 1999 Feb 23;38(8):2377-85. https://
doi.org/10.1021/bi982175f.

49. Yang M, Zhang Y, Pan J, Sun J, Liu J, Libby P, Sukhova GK, Doria 
A, Katunuma N, Peroni OD, Guerre-Millo M, Kahn BB, Clement 
K, Shi GP. Cathepsin L activity controls adipogenesis and 
glucose tolerance. Nat Cell Biol. 2007 Aug;9(8):970-7. https://
doi.org/10.1038/ncb1623.

50. Calderón Salinas V, Hernández-Luna C, Maldonado M, Saenz 
D. Mechanisms of the toxic effect of lead. I. Free lead in 
erythrocyte. J Expo Anal Environ Epidemiol. 1993;3 Suppl 1:153-
64. PMID: 9857301. https://pubmed.ncbi.nlm.nih.gov/9857301/

51. Krotkiewska B, Banaś T. Interaction of Zn2+ and Cu2+ ions with 
glyceraldehyde-3-phosphate dehydrogenase from bovine 
heart and rabbit muscle. Int J Biochem. 1992 Sep;24(9):1501-5. 
https://doi.org/10.1016/0020-711x(92)90078-f.


