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ABSTRACT

Objective: Renal failure in majority of population is considered to be idiopathic. Heavy
metals like lead in drinking water are usually the hidden cause of these renal consequences.
Thus, this study has been designed to investigate the effect of low viscosity sodium
alginate (LvSA) in Lead-induced nephrotoxicity. Methods: Lead (0.2% lead acetate in
drinking water for 5 weeks) was administered in rats to produce nephrotoxicity assessed
in terms of histopathological changes, increase in serum creatinine, blood urea nitrogen,
urinary N-acetyl-B D glucosaminidase (NAG), proteinuria, Thiobarbituric acid reactive
substances (TBARS) and decrease in reduced glutathione level. Results : Lead acetate
(LA) intoxication shown elevations in serum creatinine, Proteinuria, glomerular filtration
rate (GFR), blood urea nitrogen (BUN), Thiobarbituric acid reactive substances (TBARS),
altered urinary N-acetyl-f D glucosaminidase (NAG), kidney weight/ body weight ratio
(KW/BW %), and creatinine clearance that indicate renal damage. Treatment with Low
viscosity sodium alginate (LvSA) show significant decrease in serum creatinine, BUN,
urinary NAG, protein in urine, KW/BW %, TBARS level and increase in GSH, creatinine
clearance and GFR. Conclusion: Thus, on the basis of results it may be concluded that
LvSA significantly attenuated Lead-induced nephrotoxicity.

Key words: Lead acetate nephrotoxicity, Glomerular blood flow, Oxidative stress, Low

viscosity sodium alginate, Proximal convoluted tubules.

INTRODUCTION

Lead (Pb) is a chemical element in the carbon
group with atomic number 82. It is a very
widespread environmental pollutant and
its industtial use has been declined due to its
known devastating toxic effects.! However, it
remains in biological cycle, because of dete-
rioration of lead paints used in the past, and
in vehicle exhaust into soil and dust. The
danger of lead toxicity has been known since
ancient times, the clinical manifestations of
which are termed plumbism.”? Depending
upon the exposure and accumulation of
lead it causes acute or chronic poisoning.

Among the toxicity profile of lead on vatious
organs, kidney is especially susceptible to
the damaging effects of lead due to its major
role in the excretion of lead from the body
and is a major cause of mortality.” Lead

damages cellular material and produces
oxidative stress by increased production
of free radicals and decreased availability
of antioxidant reserves.* It also interrupts
enzyme activation and competitively inhib-
its trace mineral absorption. Lead poisoning
may also cause reduction in renal excretion
of 6-Quito-prostaglandin factor 1-alpha
(a vasodilator), enhanced excretion of
thromboxane (a vasoconstrictor) which
make the kidney more vulnerable or prone
to inflammation and favours the nephrotox-
icity. Lead alters calcium homeostasis and
binds to sulfhydryl proteins by interrupting
structural protein synthesis. The kidneys
play a major role in the excretion of lead
from the body.” and higher content of lead
has been estimated in renal tissue. In addition,
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lead causes mitochondrial damage, intracellular depletion
of glutathione and apoptosis.®

Chelation that is multiple coordination bonds between
ligand (also called chelating agents, or sequestering
agents) and a single central atom. Chelation is used as a
therapy to remove toxic metals from the body, contrast
agents in MRI scanning and also applicable as nutritional
supplements. Chelating agents vary in their properties
like absorption from the digestive tract, penetration from
various body tissues, and efficacy with individual heavy
metal forgoing its removal and excretion.” some chelates
and metal complexes cross the blood-brain barrier more
cffectively than others. EDTA, DMSA and DMPS are
commonly used synthetic chelating agents. On the other
hand, natural polymers such as algal polysaccharides
alginate.®and chlorella.” have also been gaining attention
as potential adsorbents of heavy metals. Some previous
case studies reported that modified citrus pectin plus
alginate products have been used successfully to reduce
lead.® LvSA has the mild chelating effect of heavy met-
als as a result is safe in therapeutic dosage. Sodium algi-
nate, is a polysaccharide widely distributed in the cell
walls of brown algae, where through quickly absorbing
water makes viscous gum. Previous studies documented
that LvSA treatment significantly reduce the urinary
protein excretion and serum creatinine as well as van-
quish the progression of glomerular lesions in immune
complex glomerulonephritis."' Moreover, the protective
and reparative effects of sodium alginate on radiation
stomatitis and suppression of radioactive absorption
by this compound in animals and human subjects were
investigated. In addition, it is also documented to atten-
uate hypertension, associated kidney damage.'” There-
fore, we hypothesize that administration of LvSA may
preserve renal function, prevent histological alterations
in LA- induced nephrotoxicity with mild chelation and
by suppressing oxidative stress. Additionally, LvSA will
be evaluated with suitable biochemical and histopatho-
logical parameters for its possible Reno protective effect.

MATERIAL AND METHODS

The experimental protocol used in the present study
was approved by the Institutional Animal FEthical
Committee of ISF College of Pharmacy, Moga. Thirty
rats of either sex were divided into 5 groups with 6 rats
each. This study was carried out on wistar rats weighing
approximately 180-250 g were used in this experimental
study. Approved by experimental protocol by Institu-
tional animal ethical committee IAEC) (Date: December,
2013; Meeting No 8/2014/ Protocol) and Rats were
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provided by Guru Angad Dev Veterinary and Animal
Sciences University (GADVASU), Ludhiana, Punjab. The
rats housed in plastic cages in a temperature-controlled
room were exposed to normal day and light cycle and
were fed on standard chow diet and water ad /ibitum.

Animal grouping as follows

GROUP I: (Normal Control): Rats were maintained
on standard food and water and no treatment was given.
GROUP II (LA control): LA 0.2% in drinking water
for 5 weeks.

GROUP III: LA (0.2% in drinking water) for 5 weeks
+LvSA (25 mg/kg., i.p) for last 7 days.

GROUP IV: LA (0.2% in drinking water) for 5 weeks
+LvSA (50 mg/kg., i.p) for last 7 days.

GROUP VII: LA (0.2% in drinking water) for 5 weeks
+EDTA (1mg/kg., p.o) for last 7 days.

Sample collection and biochemical assays

Lead-induced nephrotoxicity was assessed in terms of
decrease in urine volume, blood urea nitrogen (BUN),
serum creatinine, proteinuria, glomerular filtration rate
(GFR), N- acetyl-8-D glucosaminase (NAG) activity
in utine, creatinine clearance, oxidative stress (TBARS
and GSH) parameters and histopathological changes in
the kidney. Urine samples were collected with the help
of metabolic cages (rats were individually kept in
cages) after 24 h from the last dose for urinary pro-
tein and urinary creatinine determination in cylinder
containing sodium azide 0.1% to minimize bacterial
growth. Blood samples were collected for determination
of serum creatinine and blood urea nitrogen (BUN) by
retro-orbital sinus.

Estimation of serum and renal parameters

The urine creatinine and serum creatinine concentration
were estimated by previously described alkaline picrate
method." using commercially available kits (Coral clinical
system, Goa, India). Proteinuria was estimated by pyro-
gallol red method."” using the commercially available
kit (Coral clinical system, Goa, India). BUN was estimated
by Berthelot method.' using the commercially available
kit (Coral clinical system, Goa, India). The glomerular
filtration rate was calculated using the method described
by."” who demonstrated that in rats GFR can be eval-
uated rather accurately based on serum creatinine
concentration and body mass. It is argued that GFR
is proportional to the ratio of body mass and serum
creatinine with a correlation coefficient = 0.94.
Estimation of urinary NAG was done by following
method:
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Estimation of NAG activity in urine

The principle of the assay is that the NAG catalyzes
the hydrolysis of p-nitrophenyl N- acetyl-8-D- glucosa-
minide to p- nitrophenol and N- acetyl glucosamine.
The liberated p- nitrophenol is proportional to the
enzymatic activity.

0.5 ml of fresh urine sample and 0.5 ml of distilled water
the final pH being 4.4 was incubated for 1 h at 38°C.
Then, 4 ml of glycine — NaOH buffer pH 10.5 was
added and the solution was centrifuged. The liberated
p- nitro phenolin the supernatant was measured spectro-
photometrically 430 nm. NAG activity for a specimen
of urine is expressed in U/g of creatinine. The standard
curve of p- Nitro phenol for estimation of activity of
N- acetyl-3-D-glucosaminase was plotted."

Kidney weight/ Body weight ratio

It was determined as an index of glomerular, mesengial
expansion and renal fibrosis. Rats were sacrificed by
cervical dislocation; kidney was excised by opening the
abdominal cavity. Kidney weight/body weight (KW/
BW) % was calculated according to an earlier described

formula.'®"”

Oxidative stress

Renal oxidative stress was assessed in term of renal thio-
barbituric acid reactive substance (TBARS) and reduced
glutathione (GSH). The kidney was dissected out and
washed in ice cold isotonic saline and weighed. The
kidney was then minced, and a homogenate (10% w/v)
was prepared in chilled phosphate buffer solution. Cen-
trifuged at 10,000 g for 20 min and the supernatant was
used for estimating TBARS and GSH. Renal TBARS
was estimated according to the method described
earlier.’”® GSH level was estimated by the method as
described eatlier.”

Histopathological study

One kidney from each ratin each group was fixed in 10%
formalin solution. Changes in glomeruli were assessed
motphologically and histologically as described by in
3um-5pm thickness sections and stained with hematox-
ylin and eosin to assess the pathological changes that
occurred in the glomeruli using light microscope.

Statistical Analysis

All values were expressed as mean + SD. Various bio-
chemical parameters, i.e. Blood urea nitrogen, serum
creatinine, urinary proteins, GFR, creatinine clearance,
NAG levels were statistically analyzed using one-way
ANOVA followed by Tukey’s multiple comparison test.
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The p value of less than 0.05 was considered to be
statistically significant.

RESULTS
Effect of LVSA on serum and renal parameters

The serum and renal parameters were noted to be
increased markedly in LA (0.2% in drinking water for
5 days) induced nephrotoxicity rats. Treatment with
LvSA (25 and 50 mg/kg i.p., for last 7 days)."" signi-
ficantly reduced the LA induced increase in serum
creatinine, BUN, urinary NAG and proteinuria, while
creatinine clearance and GFR levels were significantly
increased. Moreover, treatment with EDTA (1 mg/kg
p.o., last 7 days) also showed protective effect in LA
induced nephrotoxicity rats Figure 1-6.

Effect of LvSA on KW/BW%

LA administered rats showed significant (P<0.05)
increased KW/BW %. Treatment with LvSA signifi-
cantly reduced (p<0.05) KW/BW % in nephrotoxic rats
(Figure 7).

Effect of LVSA on % increase in body weight and
urine output

No significant change was seen in % increase in body
weight and % increase in urine output Table 1.

Effect of LVSA on oxidative stress

Administration of LA significantly increased (p < 0.05)
TBARS level and decreased (p<0.05) GSH level in the
kidney; both TBARS and GSH are index of increased
oxidative stress. Treatment with LvSA in LA administered
rats showed significantly decreased (p<0.05) oxidative
stress (Figure 8).

Effect of LvSA on histology of kidney

Microscopic examination of renal tissues stained with
H and E revealed that there were normal renal glomeruli
surrounded by a capsule and normal proximal, distal
and convoluted tubules in normal control group. How-
ever, degeneration, desquamation, intracellular edema,
glomerulus narrowing and necrosis were observed in
epithelial cells of the proximal tubules in rats of LA
control group. Degenerated and desquamated epithelial
cells were in lumens of tubules. The large number of
inflammatory cells infiltrated in the form of mononuclear
cells and intertubular hemorrhage in the renal sections
of this group. Glomerulus congestion and swelling
were also observed, whereas there were mild lesions in
the glomerulus and tubules of the renal tissues of rats
treated with LA + LvSA when compared with the LA
alone administered. Moreover, treatment with EDTA
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E3 Normal control
B8 LA control (0.2% in drinking water)
B LA + LvSA (25mg/kg.,i.p)

2.0 @D LA + LvSA (50mg/kg.,i.p)

serum creatinine (mg/dl)

LA + EDTA(1mg/kg.,p.0)

Figure 1: : Effect of low viscosity sodium alginate (SA) on
serum creatinine (mg/dl). All values are represented as mean

+ SD. 3P < 0.05 vs normal control; °P< 0.05 vs LA control (0.2%

BUN (mg/dI)

in drinking water); °P< 0.05 vs LVSA (25mg/kg.,i.p).

Normal control

LA control (0.2% in drinking water)
LA + LVSA (25ma/kg.,i.p)

LA + LvSA (50mg/kg.,i.p)

LA + EDTA(1mg/kg.,p.0)

8

Figure 2: Effect of low viscosity sodium alginate (LvSA) on
BUN (mg/dl). All values are represented as mean * SD. ?P<
0.05 vs normal control; °P< 0.05 vs LA control (0.2% in drink-

Creatinine ¢learance {m limin)

ing water).

E3E Normal control

E=3 LA control (0.2% in drinking water)
B3 LA + LvSA (25mg/kg..i.p)

@m LA + LvSA (50mg/kg..i.p)

LA + EDTA(1mg/kg.,p.0)

Figure 3: Effect of low viscosity sodium alginate (LvSA) on
creatinine clearance (ml/min). All values are represented as
mean * SD. 3P <0.05 vs normal control; °P< 0.05 vs LA con-
trol(0.2% in drinking water); °P < 0.05 vs LvSA(25 mg/kg.,i.p).
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microprotein mg/24hrs

B8 Normal control

E3 LA control (0.2% in drinking water)
B LA + LvSA (25mg/kg..i.p)

D LA + LvSA (50mg/kg.,i.p)

LA + EDTA(1mg/kg.,p.o)

Figure 4: Effect of low viscosity sodium alginate (LvSA) on
urinary protein (mg/24hr). All the values are represented in
mean * SD. 3P< 0.05 vs normal control; °P< 0.05 vs LA control
(0.2% in drinking water); °P< 0.05 vs LVSA (25mg/kg.,i.p).

NAG (umol/min/L)

B3 Nomnal control

£ LA control (0.2% in drinking water)
B3 LA + LvSA (25ma/kg..ip)

[ LA + LvSA (50mg/kg..i.p)

LA + EDTA(1mg/kg.,p.0)

Figure 5: Effect of low viscosity sodium alginate (LvSA) on
NAG (umol/min/L). All the values are represented in mean +
SD. P < 0.05 vs normal control; °P < 0.05 vs LA control (0.2%

in drinking water); °P<0.05 vs LVSA (25 mg/kg.,i.p)
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B3 Normal control

E=3 LA control (0.2% in drinking water)
BE3 LA + LvSA (25mg/kg..i.p)

@D LA + LvSA (50mg/kg..i.p)

LA + EDTA(1mg/kg.,p.0)

Figure 6: Effect of low viscosity sodium alginate (LvSA) on
KW/BW %. All values are represented in mean + SD. ?P< 0.05
vs normal control; °P< 0.05 vs LA control (0.2% in drinking

water).
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Figure 7: Effect of low viscosity sodium alginate (LvSA) on
TBARS (nm/mg protein). All values are represented as mean
+ SD. @P <0.05 vs normal control; °P< 0.05 vs LA control (0.2%
in drinking water).
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Figure 8: Effect of low viscosity sodium alginate (LvSA) on
GSH (um/ mg protein). All values are represented in mean *
SD. 2P <0.05 vs normal control; °P< 0.05 vs LA control (0.2%in
drinking water); °P<0.05 vs LVSA (25 mg/kg.,i.p).

Figure 9: Histopathological view of renal sections stained
with hematoxylin and eosin (10X), (A): Normal control; (B)
LA; (C) LA+ LvSA(25mg/kg.,i.p); (D) LA+LVSA(50mg/kg.,i.p);
(E)LA+EDTA(1mg/kg.,p.0). Arrows indicate cortex of the
kidney in fig A. Tubular epithelial necrosis and inflammation
in fig B. In fig C,D,E restoration of normal cortex and reduced

necrosis.
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Table 1: Effect of various pharmacological interven-

tions on body weight and urine output

Parameters Percentage Percentage
increase in body increase in urine
weight output
Normal control 41018 4.68 £ 2.6
LA control group 8.9 + 3.72* 48+6.8
LA+LVSA(25 mg/ 8.15+2.3 6.7 +3.7
kg.,i.p)
LA+LVSA(50 mg/ 6.22 + 3.75* 109+55*
kg.,i.p)
LA+ EDTA(1mg/ 2.65+ 1.8* 7.04+3
kg.,p.0)

All values are represented as mean + SD . *P<o0.05 Vs normal control; LvSA
indicates low viscosity sodium alginate; LA indicates lead acetate.

(1 mg/kg p.o., 10 days) markedly protected the LA
induced renal pathological changes (Figure 9).

DISCUSSION

Lead (Pb) is an ubiquitous pollutant in the ecosystem as
a result of its natural occurrence and its industrial use.
Kidney is one of the organs that is generally affected
because the kidney is the main route by which lead is
eliminated.” Lead is absorbed by binding to specific
lead-binding proteins in the PCT of the renal tubules,
these lead-protein complexes are observed as typical
intracellular inclusions in acute lead nephrotoxicity.” In
order to determine the toxicity profile of lead on
kidneys, different biochemical parameters and results of
LA induced nephrotoxicity were compared with normal
control and LvSA treated groups.

It has been reported that lead can actively make com-
plexes with thiol or other functional groups (—SH)
and inhibits sulfahydryl-dependent enzymes. Present
study revealed that LvSA treatment markedly reduced
the increased concentration of lead in kidney tissue.
This suggests that LvSA removes lead from the kidney
enhancing the clearance of lead from the kidney and/
ot by chelating. Sodium alginate (sodium salt of aliginic
acid), which is an anionic polysaccharide extracted from
the cell walls of brown algae. The mechanism involved
in the metal chelation property of LvSAis not yet clearly
known; so, further investigation is required.
Furthermore, consistent results are seen in body weight
of LA-intoxicated rats as reported in previous studies.”
KW/BW% ratio was determined as an index of glomeru-
lar, mesengial expansion and renal fibrosis. A significant
increase in KW/BW % was observed in LA adminis-
trated groups. Treatment of rats with LvSA prevented
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these observations. This suggests that LvSA has the ability
to protect renal tissue from LA-induced nephrotoxicity.
In the current study, we have also examined the kidney
function markers, finding LA-induced elevations in
serum creatinine, proteinuria, GFR, BUN, and creatinine
clearance that indicate kidney dysfunction. LvSA treated
rats mitigated this elevation of negative kidney function
markers. Overall, present study results suggest that
LvSA can help to preserve the normal function of the
kidney and prevent LA-induced renal damage.

Urinary NAG appears to be the only one that is elevated
in early lead nephropathy. NAG is a lysosomal enzyme
present in high concentrations in the proximal tubule.”
Because of its high molecular weight, its urinary origin
is unlikely to occur via glomerular sieving but rather
directly from damaged kidney tissue. Dehpour e a/ in
1999 have shown significant increase in NAG level with
LA administration.” similar results ate seen in the present
study, that LA administrated groups showed a significant
increase in NAG level indicating nephrotoxicity occut-
rence.

Lead produce its deleterious effect by attributed its ability
to induce oxidative injury by generate ROS in the kidney
by two separate, although related, pathways.?' The one
pathway proceeds through enhancement of LPO by
lead, while in the other pathway there is depletion of
reserved enzymatic and nonenzymatic antioxidant
molecules, whereby lead interacts with sulthydryl groups
or metal cofactors to induce a decline in antioxidant
enzyme activity and in GSH.”

Increased production of epoxides, hydro peroxides, and
MDA by-products of LPO are prominent marker of
oxidative stress. All of which may interact with proteins,
DNA, and RNA in the cell causing renal tissue
damage.” Here, LvSA has been shown to reduce LPO
production and considerable effect in augment LA-
induced nephrotoxicity.

The findings of the histological study support the above
mentioned results, whether for the effect of LA or the
preventive effects of the LvSA. The deleterious effect
of LA on renal tissue, due to the oxidation actions, is
a result of the overproduction of ROS, which induces
cell injury and apoptosis (5). In order to have this effect,
lead can easily pass into the glomerulus by endocytosis,
further get reabsorbed in the proximal tubular cells.
Furthermore, mitochondrial damage, glomerulosclerosis,
glomerular capillary size reduction, mesangial expansion
and tubular injury helps in development of LA-induced
nephrotoxicity.?” To observe these changes renal tissues
stained with H and E. However, degeneration, desqua-
mation, intracellular edema, glomerulus narrowing and
necrosis were observed in epithelial cells of nephrons
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in rats of LA control group. Degenerated and desqua-
mated epithelial cells were in lumens of tubules
Figure 9 B is observed in some previous studies.” signi-
ficant decrease is found in renal pathological changes
in LvSA administered rats Figure 9. However, fur-
ther investigation should be carried out to explore
the effectiveness of LvSA on LLA-induced nephrotoxicity.

CONCLUSION

The current findings elucidate that LvSA can preserve
renal function and structural remodeling possibly
by preventing uptake and accumulation of LA in the
proximal tubule. LvSA also shown beneficial effects in
context to LA-induced oxidative insult. LvSA may have
future therapeutic relevance in the prevention of LA-
induced neprotoxicity in occupationally or environmen-
tally exposed subjects to this toxic heavy metal. Besides,
the effect nephroprotective of LvSA was not studied.
Therefore, the precise mechanisms of renoprotective
effect of LvSA on LA-induced nephrotoxicity await
further study.
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ABBREVIATION USED

Glomerular filtration rate (GFR); Proximal convoluted
tubules (PCT); N-acetyl-f D glucosaminidase (NAG);
reduced Glutathione (GSH); kidney weight/ body
weight ratio (KW /BW %); Thiobarbitutic acid reactive
substances (TBARS); Blood urea nitrogen (BUN); Low
viscosity sodium alginate (LvSA).

Chemical compounds studied in this article:

Sodium alginate — PubChemCID:5102882
Lead acetate — PubChemCID:9317
EDTA — PubChemCID:6049
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SUMMARY

Among the toxicity profile of lead on various organs,
a kidney is especially susceptible to the damaging
effects of lead due to its major role in the excretion of
lead from the body and is a major cause of mortality.
Lead damages cellular material and produces oxidative
stress by increased production of free radicals and
decreased the availability of antioxidant reserves.
Chelation is used as a therapy to remove toxic metals
from the body, also applicable for the lead which is a
heavy metal. Previous studies documented that LvSA
treatment significantly reduce the urinary protein
excretion and serum creatinine as well as vanquish the
progression of glomerular lesions in immune complex
glomerulonephritis.  Therefore, we hypothesize
that administration of LvSA may pre —serve renal
function, prevent histological alterations in LA-
induced nephrotoxicity and it also shows beneficial
effects in suppressing oxidative stress. However, the
precise mechanisms of renoprotective effect of LvSA
on LA-induced nephrotoxicity await further study.
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