Trends in Medicine

Research Article

Patho-physiological studies of human blood with kidney
dysfunction and therapeutics of albumin functionalized
silver nanoparticles in mice kidney cells in vitro
T Anitha Sironmani* and Anil Bhattarai

School of Biotechnology, Madurai Kamaraj University, Madurai 625021, India

Abstract
The incidence of acute kidney injury and disease is increasing alarmingly. Inflammatory or nutritional status are associated with kidney disease/ Serum albumin is the
marker to identify malnutrition in patients with chronic kidney disease. Treatment with albumin functionalized green synthesized silver nanoparticles help maintain
and restore normal cellular function in the kidney. The role of albumin in kidney cell metabolism was studied in-vitro and showed a profound influence of albumin
with or without nanoparticles on the level of protein, glucose, and catalase activity. The albumin-nanoparticle treated cells were observed to be healthier as evidenced
from the morphology of the cells. Elevated levels of 66 kDa, 59 kDa, 45 kDa, 34, 29 kDa proteins were observed. The proteins may be Heat shock proteins which has
cytoprotective properties. The antimicrobial properties of the silver nanoparticles control the infection and inflammation. This novel nanopreparation could lead to the
new therapeutics in the treatment of renal injury restoring renal function.

Research highlight
• Hypoalbuminemia, is highly prevalent in kidney failure and is

associated with an increased mortality risk reflecting either the
inflammatory or nutritional status of patients

• To understand the relationship between malnutrition and serum
albumin dosed through functionalized silver nanoparticles the
current study was carried out in patients with illness and in organ
culture using mice kidney in vitro.

• The Albumin functionalized silver nanoparticles were effective

combating inflammation and degradation of cellular and
extracellular matrix, transporting nutrition to the damaged
nephrons prompting self-repair to maintain the status of protein
and fat metabolism to avoid dialysis and to support the kidney to
work properly preventing acute renal failure.

• Besides, the nanoformulation strengthen the immune system to
fight chronic problems reducing the oxidative stress and infection
preventing acute renal failure.

Introduction
Kidney disease is closely associated with protein–calorie
malnutrition [1-3]. Serum albumin is the principal nutritional marker
used to identify malnutrition in patients with chronic kidney disease
(CKD). Hypoalbuminemia, is highly prevalent in kidney failure and
is associated with an increased mortality risk in this population may
be reflecting either the inflammatory or nutritional status of patients
[4-7], though appetite suppression and enhanced protein catabolism
by proinflammatory cytokine. Prevalence of acidosis and inflammation
and their association with low serum albumin in chronic kidney disease
is reported by Joseph, et al. [8]. A loss of renal function/dysfunction
results from hypoxia -failure of tissue oxygen delivery, decrease
glomerular filtration and filtered sodium load, by a fall in tubular
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sodium reabsorption [9] and consequently, oxygen consumption
[10-13].
An illness or inflammatory state can reduce serum albumin levels
by suppressing synthesis, increasing catabolism and/or vascular
permeability to albumin, or a combination of these [14-16]. Patients
with chronic kidney disease (CKD) shows increased metabolic activities
resulting in high oxidative stress and acute phase inflammation due to
infection [17,18]. A vital role for catalase in the defense against oxidantmediated renal fibrosis is reported by Kobayashi, et al. [19].
To understand the relationship between malnutrition and serum
albumin dosed through functionalized silver nanoparticles the current
study was carried out in patients with illness and in organ culture
using mice kidney in vitro. Specialised nanoformulation prepared
using combination of herbal and protein extracts. These are effective
combating inflammation and degradation of cellular and extracellular
matrix, transporting nutrition to the damaged nephrons prompting
self-repair to maintain the status of protein and fat metabolism to avoid
dialysis and to support the kidney to work properly preventing acute
renal failure. Besides, the nanoformulation strengthen the immune
System to fight chronic problems reducing the oxidative stress and
infection preventing acute renal failure.
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Materials and methods
Sample collection
Blood samples were collected from suspected kidney patients from
Chekkanurani, Madurai, TamilNadu, India and the sera were analyzed for
biochemical factors like- protein, glucose, albumin and catalase activity.

Preparation and characterization of silver nanoparticles
Synthesis of Silver nanoparticles and functionalization with
albumin was done as reported earlier [20] with modification. The
nanoparticles were characterized using UV-visible spectrophotometer
and FTIR

Primary culture of kidney cells
In order to understand the effects of albumin, silver nanoparticles
and both kidney was dissected from Swiss mice and homogenized in
saline solution and cultures with fresh RPMI medium as following: 2K Control (C); 2AK - Cells+Albumin; 2BK -Cells+Albumin+Nanosolution
were grown for four days at 37˚C Finally, cells were harvested for
further studies.

Biochemical tests
All biochemical tests were carried out using standard procedures
already reported.

Labelling of kidney cells for confocal microscopic study
Albumin endocytosis by kidney cells were visualized by confocal
microscopy. Mouse kidney cells were incubated with (3 mg/ml
Rhodamine B-albumin for 1 h, washed, fixed in paraformaldehyde,
and fluorescence was visualized by confocal microscopy. Image is
representative of 3 experiments. The harvested cells were quantified for
fluorescence in Fluorescence spectrophotometer.

SDS-PAGE
The protein profiles of the various samples were analyzed by
running 12.5% SDS-PAGE for both blood and kidney samples.

Results
Albumin transports numerous substances including free fatty
acids, certain ions, bilirubin and many drugs. The fall in albumin
concentration in turn affects the plasma oncotic pressure which in
turn results in acute illness. Changes in the amount of albumin can
influence renal function. The mechanism behind this effect is still
unknown. Hence, it was attempted to study the role of albumin in renal
function in vitro as well as in renal failure problematic patient’s blood.
An attempt to analyze the therapeutic potential nanoparticles was also
initiated. The present study shows the effect of albumin functionalized
silver nanoparticles on the kidney cells in vitro.

Synthesis and characterization of silver nanoparticles
Figure 1a shows the TEM analysis of the albumin functionalized
silver nanoparticles. Approximately 20 nm sized particles were
observed. The nanoparticles were characterized using UV-visible
spectrometer (Figure 1b and FTIR (Figure 1c)) to verify the stability
and bonding of the nanoparticles respectively.

Studies with human blood sample
The blood samples collected from suspected kidney patients were
analyzed for protein level, glucose level, albumin level and catalase
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activity to get a marker for early diagnostics and therapeutics. Figure
2 (A-C) shows the Albumin, protein and glucose concentration of
control and experimental samples. The Catalase activity of different
samples is shown in Figure 2D. The high levels of protein, glucose,
albumin may lead to the development of certain diseases like diabetes,
cardiovascular diseases, renal failure, etc. The glucose, protein and
albumin concentrations were found to be high compared to the control.
In contrast to that, the catalase activity was low in the experimental
samples.
The protein profile pattern of blood sample collected from
suspected kidney patients were analysed on 12.5% SDS-PAGE (Figure
3). Low concentration of 34, 29, 25, and 23 kDa protein was observed
in 2 samples. Third sample showed higher level of expression of those
proteins compared to the control blood.

In vitro animal studies
The role of albumin in kidney cell metabolism was studied invitro and showed a profound influence of albumin with or without
nanoparticles on the level of protein, glucose, catalase activity and
protein profile of the samples.
Kidney was dissected from Swiss mice and was homogenized
and cultured as mentioned in material and methods. Figure 4 (A-C)
shows different morphological forms of kidney cells. The albuminnanoparticle treated cells were healthy as evidenced from the
morphology of the cells and no dead cells were observed by viable
staining (Data not shown).
The various biochemical factors like-protein, glucose, albumin
and catalase activities were analyzed (Figure 5). The comparative
activity in fold difference (Figure 5) of the catalase was found to be
down regulated. Nanoparticle with albumin treated cells showed high
glucose, protein and albumin level. A decrease in catalase activity was
observed. Compared to the control minimum difference was observed
in albumin treated kidney cells and a 0.5-fold increase of all biochemical
factors in nanoparticle and albumin treated kidney cells.
The test samples were also analyzed to check the protein profile
pattern by running 12.5% SDS-PAGE (Figure 6) which showed
unusual loss of 34, 29, 25 & 23 kDa protein in 2 samples whereas
third sample showed higher level of protein expression as compared
to the controlled blood. The elevated level of high molecular weight
proteins 66 kDa and 59 kDa protein along with 34, 29 kDa protein
were observed (Lane E2).
Albumin endocytosis by kidney cells were visualized by confocal
microscopy. To test the functional status of mouse kidney cells treated
with Rhodamine B-albumin for 1 h and observed under confocal
microscopy (Figure 7). Epithelial-like phenotype cells without any
injury or mortality were observed. The fluorescence spectrum revealed
(Figure 8) a reduction in the fluorescence showing the less accumulation
of nanoparticles in the kidney sample. Silver nanoparticles fluoresce
because of surface Plasmon resonance and the background fluoresces
was controlled by the presence of albumin-nanoparticles.

Discussion
Kidney disease is closely associated with protein calorie
malnutrition. Serum albumin is the principal nutritional marker
used to identify malnutrition in patients with chronic kidney disease
(CKD). Albumin serves in the transport of hormones, metals,
vitamins, and drugs contributing to the oncotic pressure. Changes in
the amount of albumin can influence renal function. Nanomedicine
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Figure 1. The characterization of albumin functionalized silver nanoparticles (a) TEM analysis (b) UV-visible spectrum of the nanoparticles (c) FTIR analysis

Figure 2. Biochemical analysis of blood samples from suspected patients with kidney problems. (A) Protein level (B) Albumin level (C) Glucose level and (D) Catalase activity
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Figure 3. The protein profile of blood sample fractionated through 12.5% SDS-PAGE

Figure 6. The protein profile pattern of albumin with and without silver nanoparticles
treated (E1 and E2) kidney cells and control cells Lane 1 in vitro analyzed on 12.5% SDSPAGE

Figure 4. Morphology of kidney cells 1. Control 2. Albumin treated 3. Albumin- Silver
nanoparticle treated cells

Figure 7. Confocal picture of Control (1) and albumin functionalized silver nanoparticle
treated (2) kidney cells

Figure 5. Comparative analysis of various biochemical factors like-protein, glucose,
albumin and catalase activities of albumin with and without silver nanoparticles treated
kidney cells and control cells in vitro

Figure 8. The fluorescence spectra of 1. Control 2. Albumin treated 3. Albumin- Silver
nanoparticle treated kidney cells in vitro.
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uses the properties and physical characteristics of nanomaterials for
the diagnosis and treatment of diseases [21]. In the present paper, the
possible role of albumin functionalized silver nanoparticles in kidney
cell metabolism was studied in vitro. Prior to that the blood samples
collected from suspected kidney patients were studied.
In order to get a marker for early diagnostics and therapeutics,
the blood samples collected from suspected kidney patients were
analyzed for albumin level, protein level, glucose level and catalase
activity (Figure 2). High levels of protein, glucose and albumin has
been considered as a risk factor for the development of diabetes,
nephropathy in patients with type II diabetes [22-24]. Glucose is
reabsorbed by proximal tubular cells but are also responsible for the
high intracellular accumulation, formation of advanced glycation end
products [25] and an increased expression of collagen I/IV [26] in the
glucotoxicity associated with diabetes

In vitro Animal Studies
The role of albumin in kidney cell metabolism was studied invitro and showed a profound influence of albumin with or without
nanoparticles on the level of protein, glucose, and catalase activity. The
albumin-nanoparticle treated cells were observed to be healthier as
evidenced from the morphology of the cells.
Free radicals associated damage is an important factor in
many pathophysiological processes like hypertension, anemia,
arteriosclerotic cardiovascular disease, neurological disorders,
hemostatic abnormalities, impaired immunity and chronic renal
failure. Antioxidant activity as catalase activity was found to be low in
the nanoparticle treated revealing less concentration of free radicals
for scavenging. Elevated plasma concentration of enzyme defense
and products were seen in chronic kidney failure CRF [27-30]. Both
catalase and glutathione peroxidase proteins were down regulated in
the chronic kidney failure [19,31]. Under physiological conditions,
albumin may have significant antioxidant potential in the scavenging
of oxygen free radicals, which have been implicated in the pathogenesis
of inflammatory diseases. Physiological solutions of human serum
albumin have been shown to inhibit the production of oxygen free
radicals by polymorphonuclear leukocytes [32]. Antioxidant activity
as catalase activity was found to be low in the nanoparticle treated
revealing less concentration free radicals for scavenging [21,27,33,34].
The protein profile pattern of blood sample collected from suspected
patients (Figure 3) showed low concentration of low molecular weight
protein (34, 29, 25, and 23 kDa protein) in two samples in contrast to
the presence of high concentration of high molecular weight proteins
compared to the control blood. The protein profile of kidney cells with
and without nanotreatment in vitro (Figure 6) showed elevated level
of high molecular weight protein 66 kDa and 59 kDa protein, 45 kDa
along with 34, 29 kDa protein (Lane E2) were observed
The kidney is the major site of catabolism for these proteins [35]
and hence tubular malfunction results in elevated absorption and
excretion. Albumin, 66 kDa constitutes the major fraction of blood.
The 74-76 kDa band may be transferring [36]. The two major proteins
seen in 70 kDa range are transferrin and Tamm Horsfall protein.
Transferrin might be an indicator of glomerular proteinuria [37].
Albumin polymeric complexes may also be present in this range.
Other proteins include IgG (160-200 kDa range) albumin polymers,
IgA monomer and C, the major proteins observed in blood of patients
300-400 kDa range are fibrinogen and fibronectin. The expression of
megalin 250-300 kDa and cubilin has been localized in rat and human
podocytes [38-40].
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The 55-65 bands may be α1- antitrypsin, and the 45 kDa protein
band may be antiproteinase and Apoprotein A, of the HDL complex.
The protein at band 25-26 kDa may be retinol binding protein (22
kDa) or light chain IgG and IgA (25 kDa) as commonly seen in urine
of individuals with myeloma [41,42]. The α1-microglobulin (30-33
kDa) and was found in patients with renal failure [43]. This protein
was a good marker for tubular damage. The lowest sized band at 10-15
kDa may be a β2-microglobulin (12 kDa) were shown to be present in
plasma and in the urine samples of patients with nephrotic syndrome
[43,44]. The proteins with molecular weight 10-25 kDa was reported to
be related with the severity of tubular damage [44,45].
The level of albumin endocytosis receptor megalin, in the proximal
tubules was reported to decrease in diabetic rats [46]. Vesicular
acidification by H+-ATPase, CLC-5, NHE-3 dissociates albumin and
megalin and albumin reabsorption [47]. The role of heat shock proteins
(70 kDa, 27 kDa etc), in maintaining and restoring normal cellular
function because of its potential anti-inflammatory properties [48-50]
in the kidney in acute ischaemic kidney injury was reviewed by O’Neill,
et al. [51]. It is reported that inhibition of Hsp90, mediate protection
through induction of Hsp70 or NF-κB deactivation, and selective renal
over expression of Hsp27 [52-54].
Understanding the morphology and physiology may provide
the functional status of the the glomerular filtration barrier which
includes podocyte and glomerulus along with extracellular matrix and
basement membrane [55]. The in vitro studies revealed that the isolated
kidney cells developed as an immature epithelial-like phenotype and
their shape was like the shape of primary human kidney epithelial
cells when cultured for 3–4 days without serum (Figure 4). Albumin
endocytosis by podocytes visualized by confocal microscopy when cells
were incubated with Rhodamine B-labelled albumin as described in
methods (Figure 7)
The albumin uptake was enhanced in the podocyte cell body,
Podocytes endocytose albumin and other proteins than control in vitro
in the presence of statins and many fold accumulation of the proteins
in proximal tubules than podocytes [55], possibly mediated by albumin
receptors megalin [56], IgG, ferritin, and albumin, may be localized
in podocyte vacuoles as reported earlier in human, rat, and mouse
kidneys [55-63].
Podocyte integrity is essential for maintenance of an intact
glomerular filtration barrier preventing albuminuria. Albumin
endocytosis by mouse kidney cells visualized by confocal microscopy
and fluorescence (Figures 7 and 8) showed no injury or damage. Our
results unequivocally confirm the ability of podocytes to reabsorb
protein by endocytosis and are in keeping with morphological
observations that podocytes have many coated membrane pits and a
large number of multivesicular bodies and other endosomal/lysosomal
structures within their cell body, suggestive of high endocytic activity
and vesicular trafficking [64,65].
Tubular epithelial cells are known as very active cells that play an
important role in the pathogenesis and progression of renal disease.
They can produce a wide variety of inflammatory mediators, including
cytokines [66,67] and chemokines, such as monocyte chemo attractant
protein-1 (MCP-1), MCP-4. and osteopontin [68-70]. Recent studies
suggest epithelial cells may also function as APC in the pathogenesis
of nephritis. Costimulatory molecule ICAM-1 expression was reported
for tubular epithelial cells [71,72]. Albumin bound silver nanoparticles
showed high expression of high molecular weight proteins without any
damage of the plasma membrane of renal cells (Figure 6)
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Albumin-nanoparticles have gained considerable attention owing
to their high binding capacity of various drugs and being well tolerated
without any serious side-effects [73-76]. The AgNPs has been known
to be a potent antibacterial, antifungal and antiviral agent, AgNPS are
used as therapeutic agents for the treatment of renal failure, cirrhosis,
cardiovascular diseases, anticancer therapy, and diabetes and so on.
The gold nanoclusters with small size was reported to penetrate kidney
tissue and have promise to decrease in vivo toxicity by renal clearance
[77]. Inorganic NPs exhibit long half-life, stronger signal outputs
and more biomedical functionalities than other nanopreparations
[33,34,78-80].

Conclusion
The high binding capacity of albumin along with the strong
antimicrobial activity of silver nanoparticles are favourable aspects
for drug delivery. The silver nanoparticles like gold nanoclusters
can penetrate kidney tissue without toxicity for renal clearance. Our
specialized nanoformulations are combination of herbal mineral
extracts, albumin with silver nanoparticles eradicate the cause of
Kidney Disorders rather than just suppressing the symptoms which
will play a major role in the management of patients with kidney
disease in the future.
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